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PART II 


VIIL ESTERS 


(Oils, Fats, Waxes, Candles, Soaps) 

The compounds or esters formed by alcohols with inorganic acids have 
already been studied {see pp 234 et seq ), and we shall now consider the esters 
resulting from the substitution of the typical hydrogen of organic acids by allcyl 
radicals. Various isomendes exist with these compounds, e g , methyl butyrate 
IB isomeric with ethyl propionate, butyl formate with propyl a'cetate Attention 
will, however, be paid more especially to the eaters of glycerine {glycen(le8\ 
since on these ai'e based the fat, oil, soap, and candle mdustries. 

PREPARATION These esters may be obtamed by the general methods 
already described {loc (yit)^eg the action of the acid chlorides or anhydrides 
on the alcohols or sodium alkoxides 


CaHo-CO 01 + CaHg • OH = HCl + C 2 H 5 COOG^li, 

They arc formed also by the mteraction of the silver salt of the acid and 
the alkyl iodide, and by the action of gaseous hydrog n chloride on a hot 
alcoholic solution of the nitrile of the acid Further, the alcohols and acids 
themselves react, slowly m the cold and more rapidly although not completely 
m the hot, with foimation of esters 

• oh + CH3 • CO^H = CH3 • CO2C2H5 + H^O. 

In practice the preparation is carried out as follows the dry organic acid 
is mixed with an excess of absolute alcohol and the mixture saturated with dry 
hydrogen chloride gas, left for some time m a moderately warm place and 
then poured into water ; the ester separates m an insoluble form after neutrali- 
sation of the aqueous liquid with alkali m the cold 

111 this reaction the acid chloride is probably formed as an intermediate 
product CH 3 • COgH + HCl = HgO + CH 3 • CO • 01 , the latter— which with 
water miglit give the reverse reaction — ^bemg m presence of excess of the 
alcohol, forms the ester (equation given above) Esterification is, however, 
never complete, as the reaction is a reversible one, the hydi’ochloric acid and 
also other inorganic acids such as sulphuric acid, even m the dilute state, 
behavmg as true 7 noist catalysts (Berthelot, 1879 , V. Meyer, Fischer and Speior, 
1896 ; Senderens and Aboulenc, Sabatier and Mailhe, 1909-1913) 

0 HI • OH + 0„Hg,0g HgO + C„Hg,.i02 * 


After a oortain time a system is obtamed which contains given quantities of alcohol 
(a), acid (&), water and ester ( 2 ) The same oquihbrmm is attained by mixing 1 moi, of 
ester and 1 moL of water as by mhong 1 mol. of acid and 1 mol of alcohol, and this equih- 
brium is represented by the following equation for bimoleoular reactions (see VoL I., p. 69) . 
k{a--z){h — z) = ifciz®, where a and I represent the respective initial concentrations of 
alcohol and ester and z that of the ester and water when equihbrium is reached, all expressed 
in moZa. (gram-moleoules) ; k and k^ are constants dependmg on the nature of the reaction 

and, according to a defimte law, shghtly on the temperature. If, for oonvenionoe, ifl 

made equal to K, the equation becomes : (ct— z)(&~z) = Kz\ 


VOL. n. 


30 
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With 46 grams of alcohol and 60 grams of acetic acid (gram-molccidrH^, il ih found 
experimentally that ^ = 0 26, and, as a and h both assume the value 1, I mol. of eiudi 
reactmg, the equation becomes (1 — 2 )- = 0 25 2 -^, i e , 1—2—052 or z 'riiiH 

means that when a state of equihbnum is reached, the system contains mol of acel u* 
acid + ^ mol of alcohol + f mol of ester + I mol of water Every substanei' ])iirtu*i 
patmg m the equihbnum acts m proportion to its moss If the above equation w gi\en 
a — z z 

the form — ^ ^ it becomes evident that, in order to displace the equilibrium 

so as to have a greater value of 2 (z e , of esterification), the value of a must b(' mei’<»aMed 
and that of 6 decreased, esterification bemg complete when <t — co 'J'lie sami* final rcNull 
IS obtomed when b is much greater than a, esterification again being complete u hen h cc , 
In practice, almost complete estenfication is attamed when 1 mol of acid ih employed pei 
10 mols of alcohol or vice versa That the same result is oiitained with excess of nlei/hol 
as with excess of acid is shown by the above equation, since, if instead of /// mols of iiolli 
acid and alcohol, n tunes as many molecjules of acid are taken, the (upiation becomes’ 
m — 2 2 

= K , whilst if n times os many molecules of alcohol ai(‘ takt*n, it laH’omes 

Z 71 7fl — 2 


71 



These two equations are identical, multiplication of tlie tein.s of 


, , 71 m — z 

the former by ^ giving the latter 

The limit of esterification is modified but sbghtly by change of teni]i(‘rnlure, and umouiitH, 
m the case of acetic acid, to 62 2 per cent at 10° and to 66 5 per cent at 220". 


Sabatier and Maibie (1909-1913) have shown that in many cum's e.sfers ari‘ 
obtained witb dry catalysts, especially thorium oxide nr, l)ctt(>r, lilmiium o\ii|f 
at about 300° , over these is passed the mixed acid and ulcoliol viij)iiuin lu 
suitable proportions, t e , with excess of one or the other component. When, 
however, a certain temperature, varying with the nature of the eiil.il\,m'g o\ide. 
is exceeded the reaction becomes reversible and more or less deeoinpoMlion 
occurs. 

The esters of monohydiic alcohols and raonohasio fatty aeids are iieutrnl 
liqmds hghter than water (0 8 to 0 9) and pleasant smclliiifi (some forming 
artificial fruit essences) , they are shghtly soluble in water (the ltr.sl, meiuhcTs 
more soluble than the higher ones) and they boil undocoinjjosed 

By means of Griignaid s reaction (see p 243) they yield tertiary iileohols. 
The esters are hydrolysed into their components when heated' witli alkali 
mineral acid, or aluminium chloride, or superheated with water. 'I’lie mitierai 
acid has a pmely catalytic acceleratmg action on the following reaction dm* tii 
the water, which is very slow m its action . 


CHs CO2C2HB + HjO = C^Hb oh + CH3 • CObH. 

With bases, the hydrolysis is expressed by the equation : 

CHj CObCbHb + NaOH = CjHb • OH + CH, • CO,Na. 

The hydiolysmg velocity of acids and bases depends on their dettroes of 
^soeiation, i e., on their strengths, so that feeble acids and bases hydrolyae 
fax more slowly than the strong ones. In the case of acids, the hydrolysis is 
caused by the hydrogen 10 ns, and in that of bases by the hydroxyl ion^. In 
the latter inst^ce, however, the velocity of hydrol^is is ^eater than with 

hvJnJd? ^ <ieciMrraal potassium 

tiat for decmonnal hydrochloric acid. In the hvdro- 

IvLwiL 5® resultant salts thtoefore 

hy^oJ^caJly dissociated to a marked extent (ie., even with excess of fattv 
aci^ there aJwa^ remains free base or hydroiyl ’ions), J^mp^Xi-oK 
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FRUIT ESSENCES 

As has been already mentioned, the esters of the first monobasic acids and 
inonohydric alcohols are, m general, substances of pleasmg odour and are used 
with suitable admixtures as artificial fruit essences ^ 

ETHYL FORMATE, H * COOCgHg, boils at 56° and is used for artificial 
rum or arrack 

METHYL ACETATE, sp gr 0 9577, b -pt 57 5°, is used to dissolve cellulose 
to moke the varnish (“ dope ”) foi aeroplanes , m its manufacture from acetates, 
sulphuric acid and methyl alcohol, the plant is rapidly attacked, even if 
enamelled. Duchemm obtaiift the ester directly from pyrobgneous acetic 
acid and niethj^l alcohol by means of a catalyst (the nature of which is not 
disclosed), a yield of 95 per cent being thus obtained and the mtermediate 
preparation of calcium acetate avoided , the resulting ester is then rectified 
(seo Ger. Pats 232,818, 277,111, 277,187, 277,188, 285,990, and 286,812) 

ETHYL ACETATE or Acetic Ester, CH3 ‘ COOC2H5, is used m medicme and 
for the preparation of ethyl acetoacetate, which is of considerable import- 
ance in 01 game syntheses. It is prepared by heatmg alcohol with acetic and 
sulphuric acids under the conditions given above. It boils at 77° and has the 
sp gr 0 9238 at 0°. 

AMYL ACETATE, CHg • COOCgHn, has the sp gi. 0 8762 at 15° and b -pb. 
138° to 139°, and forms a colourless, fairly mobile mflammable liquid, of 
neutral reaction and with the odour of pears ; it is very highly soluble m alcohol 
or ether and ahghtly so m water, and burns with a liunmous flame It is used 
as a solvent for cellulose acetate and celluloid m the preparation of varnishes, 
especially aeroplane “ dope ” , to some extent it serves for malang alcoholic 
solutions of artificial fruit (pear) essences 

The crude mipiire product is prepared directly from fusel oil {see p 165) 
and acetic and sulphuric acids (calciimi acetate is also used) The pure ester 
IS obtamed by heating 100 parts of pure amyl alcohol, 100 of glacial acetic 
acid, and 50 of concentrated sulphuric acid for two to three horn's at 100° m a 
copper vessel fitted with a reflux condenser It is then distilled m a current of 
steam, the vapours being rectified shghtly by means of a short column The 
distillate is washed with a little sodium bicarbonate solution and twice with a 
little water, and is then dried by means of fused calcium chloride The final 
product contains 85 to 95 per cent, of amyl acetate, the rest bemg amyl alcohol. 
The yield is about 95 per cent., the loss of sulphuric acid amounting to 6 per cent 
A second rectification yields a purer produeb. Amyl acetate may be obtamed 
also by passing amyl alcohol and acetic acid vapours over a catalyst, e g , dry 
titanium oxide at 280° to 290° (or oxide of thorium or gluoinmii). Prior to the 
war the commercial product cost £5 to £6 per cwt , and the pure ester about 
double as much. 

^ Coinmoroial fruii caaences are prepared from the following mixtures of esters, and formerly 
cost from 2a (W to Ca per kilo • 

Eanance of pineap'pk 26 grams ethyl butyrate -1- 136 grams amyl valerate -|- 6 grams 
chloroform -h 6 grams aldehyde -|- 860 grams alcohol 

Eaaeiicv of ajypUa , 60 grams ethyl mtrito -|- 60 gi’oms ethyl acetate -f 100 grams amyl 
valerate -|- 40 grams glycerol + 75 grams aldehyde + 76 grams chloroform + 746 grams 
alcohol. 

Eaaence of 2 )car 8 200 grams amyl acetate + 60 grams ethyl acetate + 100 grams ethyl 
mtnte + 20 ^ams glycerol + 630 grams alcohol 

Eaaence of apricota 46 grama benzaldehydo + 190 grams amyl butyi’ate + 10 grams chloro- 
form + 706 grams alcohol 

Eaaence 0 / atravjbemea 27 grama amyl aoetato + 18 grams amyl valerate + 9 grams amyl 
butyrate + 9 grams amyl formate + 16 grams ethyl acetate + 7 grams essence of violets + 916 
grams alcohol 

Eaafftice of peaches 100 mams am^l valerate + 100 grams amyl butyrate + 20 grams ethyl 
acetate + 10 ^ams benzald^yde + 770 grams alcohol 

The natural essences of the citrus fruits were given on p. 416 

The amounts of (Merent volatile oils and essences imported mto France were (tons) : 846 m 
1913, 612 in 1914, and 769 in 1916. 
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ETHYL BUTYRATE, C3H7 COOCgHg, boils at 121° and is used as essence 
of pineapple and m rum 

ISOAMYL ISOVALERATE, C4H9 ' COOCgHn, tods at 194° and is used m 
essence of apples 

The higher eslo & form constituents of waxes (Cetyl Palmitate, , 

Melissyl Palmitate, Ci(jH3i02C3oH9i , Ceryl Cerotate, CoflHsiOaCaflHgg, etc ) 
These higher esters distil luichanged only in a vacumn , under ordinary pres- 
sure they decompose into olefines and fatty acids 

Esters of Polybasic Acids are prepared by the general methods described 
above , acid esters arc obtamable if one or more of the carboxyl groups are 
not estenfied. 

The esters of oxalic ecid are obtained, for mstance, by heatmg anhydrous 
oxalic acid with alcohols, the normal ester being separated from the acid ester 
by fractional distillation 

The impoitancc of Malonic Esters m orgamc syntheses has alieady been 
dlustrated on pp 368 et seq , the normal methyl eater boils at 181° and the 
ethyl at 198° (sp gi‘ 1 068 at 18°) The two hydrogen atoms united with the 
middle carbon atom may also be repleced by alkyl groups Thus, for example, 
Ethyl Dimethylmalonate, (CaHo 002)2 is obtamed from the sodium 

derivative by treatment with methyl iodide These compounds, when heated, 
lose COg and yield allqrlacetic derivatives Sunilar relations are found with 
the alkyl derivatives of succmic acid or esters. 

The preparation of Ethyl Acetoacetate and its importance m orgamc syn- 
theses have been dealt with on p 396 

The Normal Methyl Ester of succmic acid, CH3 COg GH2 CH2 CO 2 • CH3, 
melts at 19° and boils at 80° imdei 10 mm. pressure , the ethyl e&ter boils at 
216°. 

GLYCERIDES, OILS, FATS 

Glycerol bemg a trihydi'ic alcohol, its three alcoholic groups may be partially 
or wholly estenfied by acid residues. It suffices, mdeed, to heat glycerol 
\vith fatty acids to obtain mono-, di-, and tn-glycerides These glycerides 
are also formed by the action of the tissues of the pancreas on a mixture of 
oleic acid and glycerol, a still better method for synthesismg fats bemg the 
treatment of the sulphuric ethers of glycerol with fatty acids dissolved in 
concentrated sulphuric acid. Most fats and oils are formed of triglycerides, 
which, according to the nature of the fatty acid saturatmg the three alcoholic 
groups of the glycerol, are termed Tripalmitin (melts at 60°), Tnstearm (melts 
first at 55° and, after resolidification, at 71 6°), and Triolein (liquid, solidifying 
at about 0°) 

Triolem, which is the principal component of liquid fats and especially 
of olive oil, is formed by the esterification of the glycerol molecule with 3 mola. 
of oleic acid [see p 358) . 

CHg O-O-CieHss 
CH*0.0 C 18 H 33 
CHg.Q 0 -C, 8H33 

Mono- and di-glycendes are not found m the fats (only ravison oil contains 
a diglyceiide, dioruan ; see also esters of polyhydiio aJoohols and glycerol with 
imneral acids, pp 366, 381 et seq.), 

Certam fats (butter, cocoa-butter) contam mixed triglycerides, , with 
different acid radicles, some of them being of acids of low molecular weights, 
soluble in water ^ A Grun (1906-1909) synthesised mixed glycerides con- 

VolalUe fatty acids soluble, in water The number of 0 0, of deolnonnal potassium hydroxide 
solution required to neutralise the volatile fatty acids soluble m water from 6 grms. of the fat 
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tammg three acid reBidues, all diUerent.^ The most simple glyceride is Tri- 
formin, C 3 H 5 (C 02 H) 3 , winch was obtamed crystalline by P van Roniburgh 
(1910) by protracted heatmg of glycerol with 100 per cent formic acid , it 
crystallises with dififtcully, molts at 18°, boils at 266° (762 mm pressure), 
and at 210°, under ordinary pressui’e, decomposes. It is hydrolysed slowly by 
cold, rapidly by hot water. 

oonatitutea the so-ciillotl Reichert-Meissl-Wollny number, and aeivcs to iisceitam the piurity 
of certain fata, eapecially of butter. The deternuiiatioii is made os follows exactly 6 grins 
of the fat (molted at a low temperature and lapidly Jilterod) is heated in a liosk of about 360 c c 
capacity with 10 a o of alcoholic potash (20 grms of KOH in 100 o.c 70 per tent alcohol) on 
a water-bath with froquont shaking until abnost all the alcohol is evaporated, tlio remainder 
of the alcohol is completely expelled by shakmg the flask and introducing a ciuient of air every 
half-ininnte After about twenty nimutos, when the smell of alcohol is no longer detectable, 
100 c c of distilled water is added, the heating being continued until a clear solution is obtained 
(if the liquid does not become clear tlio test must bo commenced anew, hydrolysis being 
incomploto) To the tepid solution arc then added 40 c o of the dilute sulpliuno acid (1 vol 
cone + 10 voIh water) and a few fragments of pumice, the flask being then placed on 

a double wirc-gauze and the liquid distillod, the dimensions of the apparatus 
being shown in mm in Fig. 264 In about half an hour, exactly 110 co 
of liquid diatils over , this is mixed and blterod thiough a dry filter, 100 c c 
of the filtrate being titrated with dccmormal KOH. solution in piesonoo of 
phonolphthaloin The volume of the alkah used is increased by oiio-tenth of 
its value (the volume of the distillate being 110 c o ) and dimimsliod by tlie 
numbei of c c of the alkali obtained from a oontiol exponment made without 
fat as a chock on the roagonts employed The result is the Reichort- 
Moissl-Wollny number At the prosont time many laboratories employ 
the Leffraann-Boam-Polonske method, which effects more rapid hydiolyals 
{spp latrr. Butter) For butter the limits for this number allowed by law are 
2lJ to 31 6 (Municipal Laboratory of Milan), the butter being suspeoted if it 
gives a value of 22 to 20, although the butt-or of certain districts and from 
certain animals may, in exceptional oases, give a number as low as 21 
The value for rancid butter, even two months old, is only slightly lowei 
(by about 2) than the iioimal 

I moluble fatty acids The q uautity of fatty acid insoluble in water obtain- 
able from 100 parts of fat is called the Hehner number, and is determined as 
follows into a Haak of about 200 c c capacity is dropped, from a weighed 
vessel containing the diy filioiccl fat, 3 to 4 grms of the substance, the 
. vessel being then reweighed exactly Aftoi addition of 60 c o of alcohol 
and 1 to 2 grms of KOH, the liask is heated on a water-bath for five minutos, 
a clear solution being obtained if the addition of a drop of watoi pro- 
duces turbidity, Hanonlfl cation is inoompleto, and tlio heatmg is ooiitiiiuod 

for a further ponoil of live minutos, the liquid being then tested as before 

then coutimiod until there remains a dense mass, which is taken up in 100 to 150 o o of water, 
acidified with dilute aiilpliurio acid, and heated until the clear fatty acids float on the surface. 
The liquid is then poured on a dry, tarod filter (about 12 cm m diameter and m a funnel 
either without a nock or with a very short one), previously half filled with Iiot water The 
acids are washed with boiling water until the washing water ceases to show an acid roaotiou (as 
much as 2 litres of water is somotimcH required) The filter is then cooled in a booker of water 
HO that the fatty acids sohdify The filtoi- is then detached from the filter and introduced, with 
the ai ids, into a tarod hooker, which is heated in an oven at 100'^ to 102° until its weight 
remains almost constant (difforonoo between two weighings less than 1 mgrm ), The weight of 
fatty acids, referred to 100 parts of fat, represents the Helmor number. 

Unadulterated fata generally have llohnc^r numbers of 96 to 97 (for butter it is 87 6 , for 
cooonut oil, 86 to 02 ; foi palm-kernel oil, 91) 

^ The synthesis of tnolem has boim applied practically by Cl Gianoli (1891) to dunmish the 
rancidity of oils, especially of oliop oil obtamed from the pressed residue by moans of carbon 
disulphide. This oil coutainR 20 to 30 per oeiit, or oven more, of oleio aoid, and is heated in an 
autoclave with the corresponding quantity of glycerol (or oven a slight oxcosa) at 260° m a slow 
stream of COj, or m a vacuum with a trace of oxalic aoid to facilitate mixing of the liquids and 
avoid blaokoning of the mass owmg to tho presence of hydroxy-aoids , the distillation of the 
water formed in the reaction is hastened by adding fragments of tin to tho moss. This procedure 
yields a neutral or almost neutral oil with an iodine number loss than 76 and a marked viBooslty^ 
so that it may be used even for mixing with lubricating oils Belluoei (1911) also achieved 
on almost quantitative synthesis by heatmg together the theoretical proportions of glyoerol 
(1 mol ) and fatty acid (8 mols.) at 180° to 260° for two hours in a vacuum, so as to expel the 
water formed, which would otherwise produce the reverse reaction , in a current of GOg, the 
same reaction taJtes place at the ordmary pressure A. Walter (1911) obtained a mixture of 
tri- and di-oleins by treating glyoerol and acetic acid in presence of the enzymes of castor oil 
seeds, which act as catalysts Indeed, catalysts cause reversible reactions, and wble m presence 
of water the enzymes of "castor oil seeds hydrolyse fats (see later, Biological Saponification) with 
formation of glyoerol and fatty acids, if water is excluded as much as 36 per cent of the fatty 
acids may be converted into glycendes. 
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Oils and fats have coefficients of expansion greater than those of other 
liquids (100 htres of olein at 0^ becomes 101 6 at 20°) 

Fata and, still more, waxes contam also non-glyceride components, eg 
Cetyl Alcohol, CigHg^O, which, as such or as pahnitic ester, forms one of the 
prmcipal constituents of sperinaceti fat Cerotic Acid, C27H52O2, and its ester 
occur m large proportions m wax Non-hydroly sable substances (cholesterol, 
phytosterol, isocholesterol, aromatic alcohols, etc ) are always found m small 
quantities in fats (ohve oil, about 0 75 per cent , ravison oil, 1 per cent , 
cottonseed oil, 1 6 per cent , lard, 0 25 per cent , cod liver oil, 0 5 to 3 per 
cent , tallow, 0 02 to 0 -6 per cent , bone fat, 0 4 to 2 4 per cent , wool fat 
more than 7 per cent ) The oils of cereals and of LegmmnosecB contam abim- 
dant amounts of LECITHIN, C42HgQOoNP, which is decomposed by the enzyme 
of the pancreas or castor oil seed, but not by that of the blood {serum lipase) 
The fat of peas contains 1 17 per cent of phosphorus or 30 4 per cent of 
lecithm, and that of wheat, 0 25 per cent of phosphorus or 6 5 of lecithin 
Lecithm aboimds m the hram, nerves, blood corpuscles, and egg-yolk , for its 
constitution, see chapter on Protems The amount of lecithm is obtamed by 
multiplying that of phosphorus by 26 

Fresh fats and oils contain mmimum propoi-tions of free fatty acids (less than 1 
per cent ), these mcreasirig with lapse of time, especially if the fats are not melted 
This rancidity is facilitated by sunlight and also by the protem substances 
of unrefined fats and oils Coconut oil does not readily turn rancid, but with 
olive oil the propoition of free olcic acid reaches 25 per cent , and with palm oil 
as much as 70 per cent of free acids may be formed The taste and smell of fats 
depend, not on the glyceiides, but on other substances 

The specific gravity of oils and fats varies from 0 875 to 0 970 (see Table 
given later) and is determmed by means of an aerometer or Westphal balance 
(see Vol I , p 76). They are almost completely msoluble m water, acetone, or 
cold alcohol (this dissolves a certain amount of castor oil and of olive-kernel oil). 

The solubility mcreases markedly m boiling alcohol and is com- 


plete m ether, chloroform, carbon disulphide or tetrachloride, 
V petroleum or petroleum other (m the last two, castor oil is slightly 
\ soluble, while ether dissolves a little pure tristeann) ^ 

When heated on a spatula held some distance above a flame, 
all fats give greeinsh flames, owing to the presence of carbon 
monoxide and sodium , also all fats are blackened by osmium 
tetroxide (sensitive read ion) 

Oils dissolve small qutmtities of biilphiir or phoMihorus and 
larger quantities of soaps even wlien they tu’o dissolved in ether or 
petroleum ether. 

The oxygen of tlie air oxerts a marked and rapid influence, as 
P it is fixed by the drying oiU (Imsecd, walnut, hempseed, popiiy- 
I seed, etc), winch are thus transformed into varnishes, tins 
;§ occurrmg more readily if the oils are boiled with oxide of lead 
or of manganese. 


^ To determine the quantity of fat ooiifompd in any aohd mibstanoo, a woi^^hed 
portion of tho latter in a finely divided, dry state (5 to 1/5 grms is taken and, if 
pasty, mixed with fragments of pumieo) is introduced into a lilter-paiier cartridge 
situate m a Soxhhi apparatus (Ing 2/36) 


( ^ ] The Soxhlot apparatus is (loiinootod at tho bottom with a tared flask resting 

\ y on a water-bath, and at tho top with a reflux oondenser. J’rom 100 to 160 0 0 . ol 

^ petroleum othei or ether is then added and extraction continued for 2 to 4 hours 
in such a way that the solvent siphons over 16 or 20 times per hour. A calcium 
FiQ. 266. chloride tube may be attached to tho extremity of the condenser to prevent access 
of moisture from the air The solvent is afterwards evaporated from the flask and 
the residual fat dnjed at 100® to 102° until almost constant In weight 

The difference between the weight of fat and that of the original substance gives the solids 
not fat 


i 
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With the other— non-dryiiig— oils, the air (together with hght) gradually 
causes rmicidity, which, however, some attribute to the action of bacteria, or 
rathei to hydrolysing and oxidising enzymes , however this may be, the acidity 
increases owmg to formation of butyric, caproic, oleic, etc , acids, but the 
rancid taste and smell are due more especially to the formation of aldehydic, 
ketonic, and ethereal substances, hydroxy-acids, and volatile acids which 
can be elimmated by repeated washing with dilute solution of alkali and subse- 
quently of bLSulphite (for the aldehydes and ketones, see later. Renovated 
Butter) 

When fats turn ralicid, the iodine nnniber'^ is lowered and the index of 
rofmehon,'^ the dro^qnng or melting-'point (see pp 6 and 6), and the acetgl 

^ Tho Iodine Number ib cliaraotormtic of a fat (flr’c Table, p 466), and eKpresHes the poioentaQ;e 
of lodirio absorbed by iUo fat (i r , by its unsaturatod components, c.f/ , oleic acid oi the 
corioaponding ulyconctos, two atoms of lodino being hxed for each double linJaiig, aec p 107) 
This dotormliiaUon roqiiiroa (1) An indinc mlaiion obtained by ini:i.ing, 4S hours before using, 
enual volumes of tho two following solutions (a) 26 grms of iodine in 600 o c of pure 06 per oenl 
alcohol, and (b) 30 grmi of morourio ohlondo in 600 c o of pure 05 per cent alcohol , (2) a aodiiini 
thioaulphaff aolufioUf prepared by dissolving 24 grins of tho pure salt in a litre of water, the 
titro in iodine being ancertainod aa follows 3 8667 grras of pure, dry potassium diohromato 
IS dissolved in water at 16° and the soliitioii made np to a litre , exactly 20 c o of this solution 
la introduced into a flask with a ground stopper, about 16 o c of a 10 poi cent potassium iodide 
solution (free fiom hydioxido) being added and then 6 o c of ooucontrated hydroohlono acid 
This procoduie reaulta in tho liberation of exactly 0 2 
grm of lodmo Tho thiosulphate solution la then run 
ill from a burette until tho solution is only faintly 
yolb)w A few drops of fresh Btarch-paste are then 
atldod and addition of tho thiosulphate continued 
until the blue colour disappears It is thus found 
how much iodine corresponds with 1 o o of thiosulphate 
Holution, tho strength of which remains constant for 
HovcTol months 

Tho iodine number is determined by dissolving a 
known weight of tho fat or oil (0 2 to 0 6 grm or, for 
drying-oils, 0 1 to 0 12 grm ), m a 600 to 800 c o llaslc 
with a ground stopper, m 16 o i* of pure chloroform 
and adding 25 o.c of the iodine solution (prepared 
48 hours previously, aa stated above) , if, after two 
liours, the liquid is no longer very brown, a further 
ineaHiired volume of lodino solution is added and the 
whole loft in the dark After six hours the excess of 
lodmo loft unabsorbed by the fat is determined by 
adding 20 c.c. of 10 per cent. KT solution, diluting 
with 160 c c of water, and adding more ICI if the 
reddish brown solution is not clear The excess of 

iodine IS then titrated with the thiosulphate solution ^ 

m tho manner already described Immediately after- ^ 

wards, 25 o.c of the iodine solution employed is 

titrated Tho difforenoo between the two values ^ 

thuH obtained, expressed as grams of iodine per Pig 266. 

100 grins of tho fat, represents the iodine number 

“ The index of refraction is moasurod in tho Zoisa Butyro-refiactometer (Fig 236), by 
observing tho total reUeotion of a very thin layer of oil or fat situate between two prisms, 71, 
mounted in the two chambers, A and J3 (the latter rotates on tho hmgo, C, so aa to squeeze 
uniformly the film of oil smeared m p tho aorow, P, fixes li against A ) ludiroot light from the 
sun or from a powerful sodium lamp is passed through the prisma by raeans of the mirror, J, 
ami tho limit between the light and (lark portions of a scale reading from 0 to 100 is read through 
the oye-pioce, K A thermometer, M, indicates the temperature at which tho obaorvatlrn 
is made, and this temperature may bo regulated (bj oh to melt solid fats) by passing water, 
at a higher or lower temperature, in at E and through the rubber tube, D, to the outflow, 
The refraction is usually stated in the centesimal degrees of the Zeiss scale, the tenmorature 
— normally 26° — being indicated Values obtained at other temperatures may be referred to 
the normal temperature by adding or subtracting 0 65 for each degree above or below 26° (the 
number 0*66 is accurate for butter, but slighidy mexaot for other fats) 

The xndax of refraction is obtained from the reading on the Zeiss scale by adding to the value 
1 4220 as many ten-thousandths aa are obtained by multiplymg the scale degrees by 7-8 when 
the reading is between 0 and 30 ; 7*6 if between 30 and 60 , 7 3 if between 60 and 70 , and 
7 0 If between 70 and 100 (This procedure, too, gives aocurate values for butter, but slightly 
inaoourate ones for other fats) Thus, 30° on the Zeiss scale would correspond with a fefraotive 
7 8 

index of 1*4220 -j- 80 X jQggjj “ 1 ^220 -1- 0 0234 =«= 1 4464, which agrees a^'mist exactly with 
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nuniher (see p. 224) rise In butter raaicidity is facilitated by the presence of 
the casein and milk-sugar, which give rise to other decompositions Although 
not rigorously exact, the dcgi-ee of rancidity is expressed by the number of 
c c of normal potash necessaiy to neutrahse 100 grnis of the fat A bulte'i with 
10° of rancidity should be rejected. The free fatty acids m fats and oils are 
usually determmed with a decmoimal alkali solution, 5 to 10 grms of the 
fat being dissolved m 50 to 60 c.c. of a perfectly neutral mixtui*e of alcohol 
and ether (1 2) and phenolphthalem bemg used as mdicator The acid 
nMnher gives the number of n gems of KOH necessaiy to neutralise 1 grm 
of fat 

By passmg a current of aii* through oils heated to 70° to 120°, the so-called 
hloimi or oxidised oils, rich in triglycerides of hydi'oxy-acids, are obtamed 
These are dark in colour and have the density of castor oil (but are soluble 
m petroleum ether), but if “ blown ” m the cold for a longer time, they are 
obtamed almost colourless Blown oils are valued as lubricants If the blow- 
ing IS conlmued, yellow or brown gelatmous masses are obtamed. With the 
exception of the lodme number and the Hehner number — ^which are lowered — 
the chemical and physical constants of blown ods (iheJeened oils, etc ) are bgher 
than those of the origmal oils Oils also fix ozone m proportion to the un- 
saturated fatty acids they contam, and at the same time become denser (see 
p 359) , ohve oil has the ozone n/umher 15 8 -(grms of ozone fixed per 100 gims 
of oil . Fenaroli, 1906) , maize oil, 21 , Linseed oil, 33 , and castor oil, 16 Also 
sulphur IS dissolved and combmed m amount mcrea&irg witli the projiortion 
of glycerides of unsaturated acids present, giving very viscous, brown liquids, 
sometimes almost solid and gummy. 

Chlorine acts on fats, partly replacing hydrrgen and partly combming 
directly. 

lodme is added slowly, but the addition becomes rapid m alcoholic solution 
and m presence of mercuric chloride (Hubl) 

Addition of concentrated sulphuric acid to oils results m the development 
of heat and the evolution of sulphur dioxide , m the cold, sulphuric ethers of 
the triglycerides are formed ^ 

Dilute nitric acid, m the hot, slowly oxidises fats, while the concentrated 
acid attacks them with evolution of red vapours. 

Nitrous Acid renders non-drymg oils denser and solidifies them, tlie triolein 
bemg converted mto tnelaidin (see p 359) , the drymg oils remain liquid, 
although their specific gravity, viscosity, and saponification number increase, 
and the lodme number and Hehner number (per cent of 
insoluble fatty acids) dimmish. 

When burnt, fats give the characteristic odour of acrolein, 
which IS derived from the glycerol, 

the true index of rofiaotion (1*4452) , sumlarly, (J0° on the scalo moans a 

III" refraotivo index of 1 4220 -|- 00 X = 1 4068. Invorflely, the aoalo 

reading is obtamed by subtraoting 1 4220 from the refractive index and 
dmdmg the remainder by 7 8, 7*6, 7 3, or 7 0. 

The colour of the line of demarcation on the scale sometimes gives an 
indication of impunty m the fat, being colourless for pure butter, blue 
if niargarme is present, and orange with adnuxtures of certain other fats. 

^ Maumon6 found that the rise of temperature produced by suphuno 
acid of definite concentration sei'ves to distinguish dlflerent fats {see Table 

IiQ 267. given later) This constant is nowadays doterminod by 

means of the Tortellx tlierm-okoTneter (1906) 20 o o. of the oil is poured 

mto the glass receiver, A (Fig 267), the jacket of which has been evacuated The oil is 
stirred for one mmute with the thermometer, fitted with platmum vanes, and the initial 
temperature read 6 o o of concentrated sulphuric acid (sp gr 1 8413 or 66° ) is then 

added from a pipette in 30 seconds, the liquid being kept stxrrwi as long as the temperature rises 
The rise of temperature is the Mauinen^ number. If the sulphuric acid has not the density 
given above, but is allowed to absorb even traces of moisture, ^oordant results are obtained 
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On paper, fats and oils produce a translucent spot, insoluble in water 
(different jfrom glycerol) 

All these reactions serve as qualitative and quantitative teste to estabhsh 
the purity of fatty substances {see later) 

WAXES, Unbko fata, waxes ai'e usually oomposod, not of triglycerides, but of esters 
derived from the higher inonohydnc alcohols (e g , cetyl, myricyl^ and ceryl alcohols, choles- 
terol, etc ), and sometimes diliydiic alcohols also They contain, in addition, the high 
acids {eg , palmitic, stearic, cerotio, olcic, etc ) and alcohols m the free state Further, bees- 
wax contains os much as 1/5 per cent of high nioltmg-pomt hydrocarbons 

They form liomogcneous imxtures in all proportions wlion fused with fats and give also 
a groosy spot on papoi , but tlioy yield no odour of acrolein when burned (unlike fats) and 
do not become rancid when exposed to the au 

The Qommonost waxes are beeswax, Japanese wax, spermaceti wax (from whales), and 
caimuba wax (from the leaves of certain palms) 

Beeswax forms the liexagonal cells of beehives After the honey has been expressed, 
the moss is melted with water to lomove impurities , on cooling, a sohd layer of crude wax 
separates at the surface, and this, after being melted and oast into blocks, forms mrgin 
or yeUow loax This is placed on the market in various qualities and colouis, some of them 
being olivo-lirowm , tlioy bear the name of the place of oiigiii and can be bleached wdth 
varying facility. 

The European waxes have the following jihysical and chemical constants, which allow 
of the detection of the frequent adulteration to which they are subjected ; meltmg-pomt, 
62*’ to 64° ; solidification point, 60° , specific gravity at 98° to 100°, 0 822-0*847 , saponi- 
fication number, 0/5 to 97 (rarely 88 to 105) , acid number, 19 to 22 , difference between 
saponification number and acid number {ester nuynher), 74 to 76 , iodine number, 8 to 11 , 
degrees on the Zeiss butyro-refractomoter at 40°, 44 to 46 6 (rarely 42) Foreign waxes 
have somewhat dilToront constants. 

The lileachmg of the wax is effected by melting it several times with shghtly acidified 
water, allowing it to cool slowly so os to sepaiato the impurities more thoroughly and 
then causing it to solidify iu thin layers on a oyhndor half immersed m water and exposmg 
those to the sun and air for five to six weeks. A more oxpechtious method of bleaching 
consists in treatment with hydrogen peroxide or other oxidismg agent (dichromate and 
dilute sulphuric acid), or with animal charcoal The white vm. thus obtained — often 
improved in appoaronco by the addition of 4 to 6 per cent of tallow — ^presents almost 
the same physical and chemical constants as the viigm wax, the lodino number alone 
being lowered by 1 to 7. 

The wax is insoluble or only slightly soluble iu cold alcohol or other, but dissolves 
in the boiling solvents. It dissolves in the cold m chloroform, oil of turpentine, carbon 
diaulphido, or fatty oils. It resists dilute caustic alkalis and concentrated allcali oar- 
boiiates. It is used for making candles, waxed cloth and paper, mastics, artificial fruit 
and flowers, etc. 

Camauba wax is exuded from the leaves of certain palms {Corypha cerifera) of Brazil 
and Venezuela In tho crude state, it is hard and brittle, and of a yellowish green colour , 
it melts at 811° to 88°, has tho acid number 4 to 8, tho saponification number 80 to 96, the 
ester number 76 to 70, and the lodmo number 7 to 13, and contains more than 60 per cent, 
of uon-hydrolysable substances. It is used for tho manufacture of candles and, mixed with 
potash (soft) soap, forms the encaustic with which pavements are cleaned 

Japanese wax la the fat extracted from the fruit of certain Japanese and Chinese trees 
of the order Terobinthaoeee (JRto sucoedanea, R vemicifera, and R. aylvesins). It differs 
from beeswax in having an ester number of about 200 and a sapomfloation number of about 
220 It is completely hydrolysable, since it consists of glycerides of palrmtio, steonc, and 
araohlo acids, and contains also 9 to 13 per cent of free palmitic acid. 

Uses Wax was formerly used mostly for making the wax candles prescribed for reb- 
giouB oeremomes m Roman Cathoho churches, and about the begmmng of the present 
oentury the Holy Synod of the Orthodox Russian Church rendered obhgatory the use of 
candles of beeswax. Admixture with beeswax of stearm, paraffin wax, and vaxious other 
substances is, however, not easy to detect by analysis 

Before the Europearf War, yellow beeswax cost up to £160 per ton and the bleached 
wax £170. 
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Hydrolysis (Saponification) of fats and waxes. The term sapDiufication is 
applied to the decomposition of fats mto the alcohols and acids composing 
them with simultaneous addition of a molecule of water {hydrolysis), by heat- 
ing with water under pressiu'e at 200° or by the action of acid or alkali {see 
p. 408) , when alkali is used, the alkali salt (soap) of the fatty acid and not the 
tree acid itself is obtained 

• 0C\„H3,)3 + 3KOH = C3H6(0H)3 + 

'L’rlHU'iiriii Olycyrlno Potosslmn atcarato 


The niecliaausm of the saponification of fats was for long a matter of con- 
troversy Some regarded it as occurring gradually, 1 mol of fat first reacting 
with 1 of alkali (bimolccular reaction) {see Vol I , p 69) and di- and mono- 
glycerides bemg formed as mtermediate products, whilst, according to others, 
saponification was a single (tetramolecular) reaction Only smce the mvesti- 
gations of Oeitcl (1897), Lewkowitsch (1898-1901) and, more especially, Kre- 
mann (1906), does it appear to be established with certamty that sapenification 
is gradual, consisting of successive bimolecular reactions. Contrary to the 
view of Fortmi (1912), J Meyer (1913) showed that the various glycerides, 
glycerol, and soap occur together in an equilibrated mixture, the equilibrium 
undergoing gradual displacement towards complete saponification, as was 
indicated by the results of Kellner (1909) and of Kremann (1905-1908) 

Saponification with lime, baryta, or lead oxide is never so complete as wi'h 
caustic potash or soda m the hot, while with an alcoholic solution of caustic 
potash or soda it is complete and rapid, formation of the ethyl ester of the fatty 
acids and liberation of glycerme first occurring and then complete hydrolysis 
of the ethyl ester The latter may be obtamed directly from tats by heatmg 
them with slightly acidified alcohol. 

Sodium and potassium carbonates do not attack fats 

Fats may be saponified by treatment with a small proportion of aqueous 
ammonia m an autoclave, but the early attempts to render this process prac- 
ticable on an industrial scale were unsuccessfid The reaction was, however, 
investigated systematically by Qarclli, Barb6 and De Paob, who obtain com- 
plete saponification by heating the fat for seven to eight hours m a lead-lined 
autoclave under a pressure of 6 atnios. with a mmmium amount of ammonia 
(()'6 per cent.), which acts catalytically and liberates the fatty acids. This pro- 
cess is undoulitedly an improvement on the lime, magnesia and zme oxide 
processes, but since the ammonia caimot be recovered, it cannot compete with 
the enzymic decomposition of fats in open wooden vats at comparatively low 
temperatures {see laler). The use of 6 to 7 per cent of ammonia, as proposed 
by l^uisino (1883), or oven of 2 to 3 per cent., in an autoclave leads to serious 
difficulty owing to the formation of a completely emulsified mass of ammonia 
soaps wliich do not allow the glycerine solution to separate, and to the trouble 
and expense of treating the ammonia soaps with steam to separate the fatty 
acids. Garelli, Barb6 and De Paoli (Ger. Pat 209,537, 1906) transform the 
ammonia soaps directly into soda soaps by simple treatment with sodium 
chloride, just as m the Solvay soda process (Vol I , p 596) , the recovery of the 
ammonia is, however, difficult and the loss exceeds 8 per cent 

A process patented some years ago for saponifying fats hy means of sulphur 
dioxide or bisulphite in autoclaves at 10 to 15 atmos orors no promise of 
practical application. 

No matter how difficult the saTOmfication of a fat, it may be rendered 
complete even in the cold by the Henriques process, which consists in dis- 
solvmg, say, 3 to 4 grins, of the fat in 26 c.c of petroleum ether and 25 c.c. of 
normal alcoholic potash, the mixture bemg shaken from tune to time durmg a 
penod of twelve hours , on heating, waxes are also dissolved m this manner 
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To determine the quantity of alkali fixed (saponification niiniher)} the exccjss 
of alkali IS titrated with normal acid solution 

Dilution of the saponified waxes with a considerable amount of water 
results m the separation of the higher alcohols, wliich can bo extrac*tt‘(l witli 
ether Spermaceti contams 40 to 60 per cent of these insoluble alcohols (wliicli 
are known mdustriaUy as non-sapoiufiable substances), beeswax HS (joiit., 
and carnauba wax 55 per cent 


ANIMAL OILS AND FATS 

It IS not possible here to study m detail all fats, so that only tlie niori^ 
important ones, the processes of treating which are partially applicable to tlie 
others, will be considered 

Classification of fats mto those of animal and those of vegetable oiigiii or 
mto solids (tallow, lard, sheep’s taUow, goose gi'ease, and coconut butter) and 
hquids (oils) is of no practical value, but it is necessary, with the li(uiid vegt‘- 
table fats, to distinguish between those which have drying (linseed, walnut, 
poppyseed) and those with non-drying properties (olive, colza, aracliiH, castor, 
cottonseed, maize, etc ) 

Animal fats are usually melted (by direct-fire heat or by steam) or corn- 
pressed either hot or cold, although sometimes they are extracted witli solvents. 
Vegetable oils are extracted from the dismtegrated seeds by pressing them liot 
or by treatment with suitable solvents In both cases they are refini‘cl by a 
senes of mechamcal and chemical operations which will be describijd niorii 
particularly m dealmg with tallow, butter, and olive oil 

TALLOW (ox 4it, sheep fat, etc , but not hog’s fat) molts at 35° to 37°, contaiiiR 75 i)(*r 
cent of steann and palnutm (m equal ports) and 26 per cent of olein In the criido Htotc, 
as it comes from the slaughterhouse, it is moorporated in a cellular tissue and cemtamH 
various impunties, such as blood, skm, etc , which gradually putrefy, giving a bad odour 
to the tallow To prepare the real fat from the crude taUow, tlio latter is out up in suitalilti 
machmes fitted with kmves and is then melted m open iron or copper boilers pro v idl'd with 
stirrers and heated either wholly by direct-fire heat or partly in tlus way (Fig. 258) and 
partly by mjeotmg direct steam, superheated to 180° to 200° tlirougli the tube, Jh TIio 
strongly smelling gases evolved are led by the pipe, a, under the hearth and there burni'd. 


Sapomfication number, or KoUatorf nurnbetf indicates the number of milhgraniH 
of KOH necessary to sapomfy 1 grm of fat or wax completely. The deternunatiou is made 
as foUows 1 6 to 2 2 gnu. of the filtered fat is weighed into a 160 to 201) o o, widfl-nooked ilask, 
to T^^ch is then added 26 c c of semiaormal alooholio KOH solution prepared with 00 per cent, 
alcohol and also 26 o c of neutralised alcohol The mixtuie is then heated for 15 to 20 minutes 
m a refiux apparatus on a water-bath previously heated to boiling, and, wliilc still tepid, is 
titrated with seminonnal hydroohlonc aoid (not sulphuric aoid, which would precipitate K«iS() 4 ), 
phenolphthalem as mdicator Multiphcation of the number of o o. of seminormal KOH 
soluhon actually consumed m the saponification by 0 0301 gives the number of mgrms. of KOH, 
which IS calculated for 1 grm of the fat 

T. substances (nunerol oils, etc ) added to fats as adulterants can bo detected 

by the foUowmg quahtative test devised by Holde two drops of the oil ore boiled for one 
mmute ynth a solution of a piece of caustic potash the size of a pea m 6 o o, of boiling absolute 
moohol, 3 to 4 c 0 of water being afterwards added to the hquid ; in presence of as little Ofl 
1 per cent non-saponifiable compounds, a turbidity is produced Also a benzene solution 
01 pono acid gives a red coloration with fat containing 1 per cent, of mineral oil. 

detecting tewes of neutral fats (nou-sapomfied) m pwee fatty acids of oorameroe, Qeitf»ra 
test IB employed 16 c o of ammonia solution is added to a solution of 2 grms of the fatty acids 
m 16 0 0 of hot alcohol Turbidity of the hquid indicates the presence of much neutral fat. 
^ however, the hqmd remains clear, cold methyl alcohol is poured carefully on to its surface : 

^ presenoe even if traces of neutral 

lats (this test does not answer with palm od) 

“ <lisoovered by the Liebermann-Storoh-Morawski test applisd 
to ae fatty aoids obtoed m determining the Hehner number (ses p. 461) : a few drops ol oold 
“tv.®® Solution of 1 to 2 grins of the fatty aoids 

T 1 resm fplne or eolophony) aw 

mtense red or rjolet coloration forma immediately and rapidly gives way to a brown 
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a ooil on the bottom and by direct flteam issuing from a perforated pipe passing also to the 
bottom. 100 kilos of tallow are mixed with 60 kilos of water containing 1 kilo of sulphuno 
acid of 66® B6., the whole being heated for two hours at 106° to 110°. The clear, fused fat 
floats on the surface of the acid solution, which is replaced by pure water, the tallow being 
heated and mixed with the latter by means of direct steam ; after some time, the washed 
tallow IS discharged from a lateral tube — ^which, inside the vessel, is free and floats — 
through a cloth bag. When this acid process is used, the solid fragments separated cannot 
be used for feeding cattle. 

Fusion with Alkali. Evrard heats the tallow with a very dilute solution of sodium 
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carbonate, while Rorard treats 1000 kilos of the tallow with 200 of water contaiiun<j: a 
kilo of caustic soda, the mixture being then melted at 100° iii the Fouoh6 appaiatus 
alkahne process gives a diminished yield and does not dimmish the amount of pungt^ni 
gases evolved 

Refining, If the fusion, especially when acid is used, has been successfully caiin'd 
out, refinmg is usually unnecessary It is, however, required when the tallow is to l)t* 
used for food or for fine soaps , that employed for candles is sometimes bleached. 
general, it is heated and stirred with water for a long time m suitable vats It is then l<‘ft 
at rest until it separates from the water and is filtered through a cloth bag and colltM’lf‘<l 
in a tank, heated outside iii order to retard sohdification and give time for any furllu'r 
impurities present to deposit 

If the fused taUow is allowed to cool slowly at a temperature above 28°, it sets to a 
granular mass, as ciystala of stearin and pahnitm first sopaiato , from this mass the oltuii 
IS more easily removed by subsequent compression , 

Many different processes have been suggested for the bleaching of tallow, but the only 
ones doaervmg of mention here ore those consisting in heating with animal charcoal, horu^- 
blaok, and fullei’s earth (magnesium hydrosilicate, see pp 80, 89, -and Vol I , p 788), and 
then filtering, and those in w hioh, say, 1000 kilos of tallow is heated with a solution contain- 
ing 20 kdoB of water, 10 of Concentrated sulphuno acid, and 6 of potassium diohromato (or 
60 kilos of concentrated hydrochloric acid and 16 of permanganate at 40°) , after stirring, 
the mixtuie os left for a time and then washed several times with hot water In some casc's, 
the tallow is stured and heated to 40° with 26 kilos of an aqueous solution coiitainmg 2ri0 
grms of potassium permanganate, and 260 gms of concentrated sulphuno acid, and well 
washed with hot water, a little sodium bisulphite bemg finally added. Chlorine, which is « 
sometimes used for vegetable oils, is harmful to animal fats Excellent results have bc‘t*n 
obtaiued recently by bleaching with sodium hydrosulphite (Vol I , p 586) Certain fats 
can be well bleached at 80° to 100^ with 1 to 2 per cent of banum peroxide, winch la ad(l(sl 
gradually and with oontmual stimiig Eats and fatty acids are sometimes dendorisefl by 
treating with 20 per cent of concentrated sulphuno acid at 30° to 40°, and then distilling 
the fatty acids under reduced pressure. 

The purity of tallow is determined by the analytical methods already given {see ahti 
Table on p 466), and for mdustriaJ purposes the solidification tm/peraiure of the fatty ncKln 
obtained by the Hehner method {see p. 461) is measured by mtroducing them m the fuHC*d 
state into a double-walled test- tut e (best, that of the Tortelh thermo-oleometer, p, 464) 
and stimng with a thermometer until they begin to turn turbid The temperature frlusi 
ceases to faU and at a certam moment rises (the heat of sohdification being developed) and 
remains constant until the whole moss has solidified , this constant temperature is that of 
solidification and, for good tallow, should be at least 43° Adulteration with cation 
oil IS detected by Halpheai^s reaction a mixture of 20 o o of the fat, 20 o o of amyl alcohol, 
and 2 0 c of a 1 per cent, solution of sulphur in carbon disulphide is boiled m a test-tubo ; 
after about ten minutes’ heatmg, a dark orange or red coloration will appear if even as littU' 
as 6 per cent of cottonseed od he present If no coloration is evident after the lapse of 
ten mmutes, a little more carbon disulphide may be added and the heatmg continued ten 
minutes longer If the suspeoted tallow or the cottonseed oil before addition to the tallow 
were heated to 200° to 260°, Halphen’s reaction would not be given. 

The greater part of the tallow made is used m the manufacture of soap and candlcM, 
but on appreciable proportion is employed m margarme factonea {see below), A woll- 
fattened ox may give as much as 100 kdos of crude tallow 

Ckmtmental Europe imports large quajitities of tallow from Amenca, Australia, and 
England The price vanes somewhat, and, while in 1870 it was £40 — £66 per ton, in 1884 
it was £33, in 1886 £28, m 1886 £22, m 1888 £27, in 1892 £24, and m 1893 £27 , in 1906 
the price on the Itahon markets varied from £28 to £31, in 1907 from £32 to £36, and in 
1908 from £30 to £33 

France imported 16,600 tons of tallow m 1913, 17,190 tons m 1914, and 10,180 in 
1916 

Germany imported 6226 tons of tallow m 1888 and almost 11,000 tons in 1891 {see 
later. Importation of melted tallow for oleomargarme) 

In 1909 England imported 110,000 tons of tallow and stearm, and m 1910 123 160 tone, 
while the United States exported 8600 tons in 1910 and 22,000 tons m 1911. 

OLEOMARGARINE and MARGARINE (Artificial Butter). The oleomargarine obtained 
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from tallow serves to prepare nmrgarino or artificial butter by churning it up with miJk 
It la also used to some extent for making the ao-callcd mmganne-cheese from separated 
milk, the butter being replaced by oleomargauiio, which is incorporated by means of 
emulsifiers 

It was Napoleon III. who, on account of the nao in price of provisions and more especi- 
ally of butter, offered in 1870 a prize for the discovery of a cheap fat to replace butter, and 
placed at the disposal of the inventor a large works at Poisay, near Paris, adapted to the 
development of the industry The prize was awarded in 1871 to the M^ige Mounts process 
for the manufacture of oleomargarine from tallow by a method which is almost identical 
with that used at the present day (the addition of sheep’s stomach to render soluble the 
ceUiilar membranes envelopmg the fat has now, however, been abandoned) As early as 
1873 30 tons of margaiino was consumed in Paris 

As a rule, oleoinargaiino factories aie situated close to the slaughterhouses, so that the 
tallow may be obtained fresh from the animals The tallow is cooled immediately by 
washing it m a current of cold water, winch lomoves the blood and other impurities, and if 
it cannot be worked at once is hung in separate pieces m a cold chamber 

The tallow is then cut up and introduced, with one-fourth of its weight of water at 5/5°, 
into a vat similar to tliat used foi’ the melting of tallow {see p 468), but nowadays the heat- 
ing and melting are effected by the circulation of hot water at 60° to 70° instead of steam, 
so as to avoid scalding the mass. The latter is kept slowly stirred and a couple of hours is 
sufficient time to melt 2000 kilos of tallow, which floats on the watei', whilst tlie bits and 
membranes are deposited on the bottom , this separation is facibtated by the addition of 
2 per cent of salt, previously dissolved m water 

After the moss has reraamed at rest for some time, all the impurities settle and the 
' molten fat is removed by a tap connecting inside the vat with a free, floating tube which 
gradually foils ns the layer of fat dunuushes . the latter is collected m tinned, double-walled 
tanks surrounded by hot water, so that further clarification may lesult on long standing 
The fat then boars the name premier-pia and is mixed in small proportion into morgarmo, 
while the remainder is poured into flat, tmned moulds holdmg about 20 kilos and allowed 
to solidify in a chamber kept at a temperature of about 30° 

The semi-sobd moss thus foiraed is placed in cloths and squeezed— not too strongly— 
in hydraulic presses (similar to those used in making atcario aeid for candles, see lat&i ) ui a 
room at about 26° Tins procedure yields about 45 per cent of a aohd residue of stearin (for 
candles) mixed with a little olem, and a liquid product (66 to 60 per cent ) composed of 
66 per cent of tnolein, 36 per cent of tripahnitin, and 10 to 16 per cent of tnstoarin , this 
18 oleomargarme, winch oasumcB an almost pasty consistency at ordinary temperatures and 
has a yellow colour and a pleasant odour BimiJar to that of butter 

It IB used in some coses as fat for coolung, but usually it is converted into artificial 
butter. 

Oleomaigariuo has the sp gr 0 861) to 0 860 at 100°, melts at 33 7°, has the Hohner 
number {see p 461) 1)6 5, the Reichort-MeiBBl-WoUny number {see p. 461) 0 4 to 0 9, and 
the lodmo number {see p 463) 44 to 56 

MARGARINE (or Artificial Butter) is prepared from oleomargoniio, from ono-tonth io 
one-fifth of Bcsame or araehis or oven cottonseed oil being added for the lower qualities (m 
America maize oil is used). In some couidries no milk is now used, attempts being mode 
to flavour the oleomargarme dircotly with eertam strongly flavoured olieescs prepared for 
tins express pui-poao, or with butyric acid or its homologuos, or with a special flavouring 
placed on the market under the name of imrgol 

It is necessary that artificial butter, when fnod, should give the same smell as natural 
butter, and this result is attained partly by adding a little cholesterol (Ger Pat. 127,376) 
to the milk used to render the oleomargarine pasty Margarine is also required to brown 
and froth like natural butter when fnod, and this is attained by addmg about 2 per cent, 
of egg-yoUc (Oer. Pat 97,067) or 0 2 per cent, of leoithm (a constituent of yolk of egg , Ger. 
Pat. 142,397) and a small quantity of glucose, while it has also been proposed to add a 
httle powdered casein, egg-yolk and pastounsed milk-oream (Ger Pat. 170,163) 

The yellow colour of commercial, natural butter is imitated by the addition of a little 
hutyroficivvne (dimethylominoazobenzcne) dissolved m sesam^ or cottonseed oil (placed on 
the market by the Soci6t6 Fab. de Prodmts Chimiques de Thonn et de Mulhouse). 

In the manufacture of first-qucihty wiczfgnnwe, the fats to be mixed (e,g., for summer 
margorme, 600 kilos of oleomargarme, 30 kilos of premier-jus {see above), and 60 kilos of 
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sesame oil , for winter inarganne, the premier -jus is replaced by a similar quantity of 
sesam6 oil) are first melted separately at 40° to 46°. For inferior margonnea, less oleo- 
margarmo, more preinier-jua, and a certain amount of cottonseed oil are used. Half of 
the molten, homogeneous fat is introduced into a olinrn (that of H Grasso, of Hertogen- 
hosch, Holland, Fig 202, gives good results) containing 300 litres of milk ^ previously 
churned to the clotting point and imxed with 50 grins of colounng solution , 0 1 per cent 
of glyoermo is sometimes added to render the mixing 
more complete The churn has a closely *fittmg lid 
and is jacketed so that it can bo surrounded with 
water at 36° to 46° ; it is fitted with stirrers (120 revs 
per nunute) and the inner surface is thickly tinned 
After IQ to 16 minutes* churning the remaining half 
of the milk and molten fat is introduced, the chiu’iiing 
being oontmuod for a furtlier penod of 20 to 26 minutes 
When the mass has reached a temperature of 30° to 
46° (bettor quality but dimiinshed yield is obtamed at 
30°), it 18 allowed to flow into a shallow double-walled 
vessel cooled by the circidatioii of water at 0° to 2°, 
and, as it flows, it is washed vuth a powerful jot of 
water at 2° and is constantly mixed with wooden 
blades The wash-water is then run off and the 
hardened, dismtograted mass loft overnight so that 
the wash- water may separate better A homogenising 
machine of the Schroocler type has been introduced 
recently, and this allows of oontmuous worlung and effects a far more perfect mixing 
of the fats and milk, while it yields a more aromatic and stable product. 

To complete the separation of tlio wliey and washing-water, and to obtain a homo- 
geneous pBisty mass, the cold mixture is introduced gradually into an ordinary butter 
kneader (Fig 263) with rotating base, this being situate in a cold chamber After passing 
under the grooved cone eight or ten times, tbe mass is oollccted in blocks, which are left for 

24 hours. If it is desired to mix a little oroam 
or the allowed quantity of water (10 to 12 per 
cent ) into the mass, the latter is introduced into 
the Werner-Pfloiderer kneader (similar to that 
used for kneading broad), which can easily bo 
rovGi’sed so as to expel the excess of liquid and 
finally the paste itself (Fig 264) 

The margarine thus obtamed is made up 
into oak(^ by moans of suitable moulds bearing 
the trade mark and is then wrapped in parch- 
mont-paper previously disinfoctod in brine. In 
some oountnoa this paper is marked with 
coloured stripes to allow the public readily to 
distinguish margarine from butter, and m all 
oountnoa it is obligatory to exhibit margarine foi sale in shops with a placard which 
distinguishes it from butter. In Germany and Austria the law requires margarine to be 
prepared with at least 10 per cent, of sesam^ oil and not more than 10 per cent, of butter ; 
by this means, the detection of butter adulterated with margarme is facilitated, as, owing 
to the sesam6 oil present, it gives the Baiidoxiin reaction for furfural * If more than 
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1 For the finer margarmes, cream is used, but for ordinary vaneties sklm-imlk from the 
separators is employed. In all cases, in order to obtain a margarme which will keep, even 
in summer, the milk is pasteunsed at 66“ to 60“ and then subjected to slight aoid fermwitation 
with pure cultures of bacteria, which are sold by butter manufacturers. 

The cooled milk is kept m clean, closed vessels in a cool place, and is consumed as soon as 

S ossible so as to avoid oontammation. It may be centrifuged after pasteunsing and ooohng 
I it IS not rendered acid, the milk, and also the butter obtained therefrom, keep badly anddo 
not moorporate well with the other fats. 

* 10 0 c. of margarine, filtered mto a separating funnel, is shaken for half a minute with 
10 0 0 of HCl (sp. ^ 1 * 125 ) If the acid is coloured red, it is decanted off and the residue sh^en 
with a fresh quantity of the aoid After removal of the add, 6 o o of the fat is poured into a 
graduated oyhnder with a ground stopper, where it is shakw with 10 o o of HCl (sp gr 1 * 19 ) 
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10 per oont, of buttor is added to margarine the Roichei’t-Meissl-VVollny number (see p 461) 
exceeds 2 5 

Normal maigarine contains 8 to 9 per cent of watei and 1 to 2 per cent of Nad, and 
has the sapomlicatioii numbei 193 to 203 (coconut fat raises tins number to 220 and the 
WoUny number to 6) and the iodine number 52 to 60 

The experiments of Luhng (1900) have shown with certainty that rnaigarme is digested 
by man os well as butter 

In 1911 many cases of fatal poisoning occurred in Germany owing to the use m mar- 
garine of oaidamom oil (or Marotti fat) which may contain the poisonous chaulmoogno 
acid, m -pt 69”, and possibly also hydnocarpic acid, m -pt 60 4°, 

which IS hkewisp poisonous 

The consumption of margarine, which costs little more than half as much as butter, is 
continually increasing in all countries Germany possessed 55 foctoiios in 1886 and 83, 
employing 1555 workmen, in 1895 , and m 1899 produced 91,000 tons (worth more than 
£3,800,000) of first- and second-qiiahty margarines, 66,000 tons of animal fats, 23,000 of 
vegetable fats and oils, 53,000 of skim-milk, and 4800 of salt being employed. Germany 
imported 28,500 tons of oloomorgarme m 1906 and about 23,000 tons lu 1901, and exported 
297 tons of artificial buttor in 1906 and 625 m 
1909 In North Germany, margarine of firat 
quality is used, but m the South margarine 
without butter and without milk. 

In 1907 there were 31 marganne fact on '*s 
m Norway. Thirty-seven factories existed 
in the United States in 1886, and the output, 
which was loss than 6000 tons in 1902, rose 
to 46,000 tons in 1908 and 70,000 in 1910 
(almost all not coloured), the exports being 
1660 tons in 1910 (almost all coloured) In 
1910-191 1 the output m the Umted States fell 
to about 66,000 tons In Denmark 22 foctones 
produced 30,000 tons m 1009 and 34,300 tons 
in 1910, when the exports amounted to 1100 
tons. England iiniiorted 1660 tons of oleo- 
margarmo in 1909 and 4060 tons m 1910 and 
exported 3296 tons in 1909 and 8138 tons 
(£206,360) m 1910 The principal exportation 
from the United States consists of the prime 
material, olto oily which is largely used ui other 
countries for preparing the dilforont margarino3 or artificial butters ; in 1910, 60,000 tons of 
this oil (of the value of £2,300,000) and 1700 tons of oleomargarine ( £80,000) were expoitod, 
and in 1911, 77,000 tons of oloo oil (of tho value £3,120,000), and 18,000 tons of oleo- 
margarine (£84,000) In 1907, Sweden produced 15,000,000 kilos, and in Holland there 
are over 100 factories The total output of Holland and Belgium in 1910 was 65,000 tons 
(of tho value £3,600,000), about 48,000 tons being exported In Paris, more than 30 tons 
of marganne wore manufactured per day os early as 1875 lu Italy, the first factory, that 
of Itogondi and Chionohctti, was erected in 1874 at Milan, with branches in Romo and 
Tuscany ; oven m 1888 this firm produced almost 400 tons of margarme, and at tho 
Iiresent time, as a company (Chioriclietti and Tornini), it still occupies the premier 
position. A oonsiderablo amount of suspicion was removed from the mdustry in Italy 
as the result of a valuable report prepared for tho Royal Italian Society of Hygiene by 
Kbrner and Gabba in 1888, and m 1911 tho consumption (largely for ^ding to buttor) 
reached about 8000 tons , the importation of artificial buttor was 121 tons m 1008, 64 tons 
ill 1910, 49 tons m 1914, 119 tons m 1916, and about 600 tons m 1919 and 1920, while the 
aniDunt exported (tons) was 210 in 1908, 286 in 1911, 803 m 1914, 47 in 1916, and 6 in 1919. 
In the Customs returns for Italy oleomargarine is included with other fata, so that the 
quantity imported is not known 

_ ■ _ — « — _ — . — — — _ - — 

and 0 1 c.o of 1 per cent solution of furfural m alcohol (absolute) for half a minute. If, after 
standing, the layer of ooid shows on inUnse red coloration, the marganne contained the required 
quantity of sesam^ oiL This reaction has, however, been oritiolsed as being m some oases 
indecisive^ 
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Owing to the high pnoe of tallow in recent years, attempts have been made to prepare 
margarme by the addition of coconut oil in the kneader, after complete expulsion of the 
water (so as to prevent rancidity) There is now on the market margarme which bears tho 
name of cunerol (or hinerol), and is mode exclusively from coconut oil kneaded and treated 
with a solme solution of yolk of egg (instead of nulk) 

BUTTER is the fat obtamed from m which it occurs emulsified in small drops 

^ Milk is a liqmd secreted by female mammals after parturition, and serves as tho first 
nutriment of the offspring, but that of certain animals (cows, goats, etc ) has been largely used, 
from the earhest tunes, for feeding infants and adults, and for the preparation of cheese, casein, 
milk-sugar, etc The mean daily consumption of cows’ milk per head is about 200 grras in 
England, 460 in Canada, 600 m Holland, 260 m Pans, 600 m Munich, and 160 m London The 
supply of milk to large towns constitutes a serious problem, amce, for example, Genoa oonsumos 
600 hectols per day, Turm 700, Milan 1300, Berlin 8000, Paris 9000, and New Yoik 16,000. In 
1903 the United States exported £3,200,000 worth of condensed milk to China, Japan, tho 
Phihppmes, Corea, Russia, Africa, and Mexico The number of cows in Prance m 1909 was 
7,336,000, and the yield of milk 132,000,000 hectols Hungary m 1909 produced 20,000,000 
hectols. of milk In 1913 the large Swiss oompames exported condensed milk to tho value of 
£2,000,000 In 1903 Australia obtamed from 1,300,000 cows about 16,000,000 hectols. of milk, 
60,000 tons of butter (one-third bemg exported), and 6000 tons of cheese (barely ono-iifth 
exported) In the Umted Kingdom 4,000,000 cows produced m 1909 about 72,000,000 hectols 
of milk. In 1910 Norway produced 10,000,000 hectols of nulk. Germany posaossod 10,000,000 
cows m 1917. 

In Denmark the dairy mdustry has attamed a high degree of perfection, 1160 co-operativo 
dairies treating 77 per cent, of the total milk produced m 1909 Marked improvements have 
been effected m the seleotion of milk cows and m their feeding, the mean yield of milk per cow 
moreasmg from 1400 kilos m 1884 to more than 2000 m 1912 , the numbei of cows was 900,000 
m 1881 and about 1,030,000 m 1912 

The mean verceiUage composition of the milk obtamed by compUie milking is fouud from 
some thousands of different analyses to be as follows water, 87 22 , fat, 3 62 , mtiogonous 
subsbonoes (casern and a hfctle albumm), 3 66 , milk sugar, 4 82 , and mmerol matter, 0 68 
The cas&in forms a kmd of colloidal solution, which holds, m an emulsihed and suspended 
condition, fat-drops of varying mogmtude (diameter, 0 01 to 0 0016 mm ) Casern m milk 
ocours, indeed, m the form of a non-reversible hydroaol {see Vol I , p 106) and its coagulation 
by acids or heat can be retarded or prevented by the presence of a reversible colloid {ptoMing 
colloid, like gelatme or gum] In cows' milk the relation between casein (iion-revorsible) and 
albumin (reversible) is 3 02 0 63, whilst m human milk this relation is 0 76 1 00 , in human 
milk, then, there is abundance ot albumm (reversible) and the coagulability is eight times less 
than with cows’ milk. These relations expiam the different nutritive effects of tho two nulks 
on infants 

Soiled milk may be distinguished from raw nulk as it no longer oontoms reductase or catalase 
{see p 136) , also oxidation of the whey with a httle hydrogen peroxide and tioatment with 
pyramxdone at 60® yields, with raw milk, a violet coloration, while that of boiled milk gives no 
ooloration. The sugar and, partly, the salts ore found m tho aqueous solution composing the 
whey Mdk has an aoid and an alkabne reaction {amphoteric reaction) at the same time, owing 
to the presence of primary (acid) and secondary (alkaJino) phosphates Tho natural acidity of 
milk IS due, not to laotio aoid, but to phosphates, oarbon dioxide, citrio aoid, etc Milk is alkaline 
to methyl orange and acid to phenolphthalem , laotio acid acts on methyl orange only when 
it has precipitated the casern and transformed the dlcaloium phosphate into monooaloiuni 
phosphate (Bordas and Touploin, 1911) Urea, dioyondiamide, ammo-aoida, polypeptides, 
urethane, albumoses, xanthme bases, albuminoids, etc , are also amphoteric in reaction. 

Milk changes very readily and, especially m hot weather, becomes acid and coagulates in 
a few hours It keeps sound longer if cooled, boiled, slerihsed or posteunsod, and then kept 
m hermetically sealed vessels , to prevent separation of the fat from the milk, tho latter is first 
passed under great pressure through capillary orifices so as to rupture the fat globules. The 
stenhsation of milk by means of ozone has been suggested, but this is impractioablo, since 
ozone acts quantitatively on the fat, fomung ozonides winch readily decompose, givmg free fatty 
acids Stenhsation by ultra-violet rays is moomplete and alters the oompoution and taste 
of the milk to some extent 

JFrom milk defatted by centrifugation {akim-milk, containing less than 0 3 per cent of fat), 
oasem for maki ng cheese and for mdustri^ purposes is separated by addition of rennet (from 
the muoous membrane of the fourth stomach of young calves), which induces olotting owing 
to the enzyme it oontama. Coagulation, with formation of laotio acid (increase from 3® to 16® 
of acidity), is also caused spontaneously m 24 to 48 hours by adding a dilute acid and keeping 
at 66® to 6 J® , the casern probably exists as calcium salt (1 65 per cent. GaO), which is decomposed 
by acids, the increase m the amount of soluble calcium salts favourmg the separation of the casein. 
This oasem, separated m the hot and pressed, gradually undergoes fermentation and conversion 
mto Cheese. The latter may be either whole^xmlk cheese or filled cheese, prepared from mil k the 
fat of which has been partially or completely removed and replaced by margarine. Copper 
vessels turn the cheese ^een on exposure to the oir, and to avoid this, all the operations are 
earned out m vessels oi wood, zinc, tinplate, or turned copper (Besana), although, according 
to Easoetti, traces of dissolved copper are advantageous In cheese sinoe they retard laotio 
fermentation, the latter author suggests, However, the addition of hydrogen peroxide, which 
haj the advantages of the copper without its disadvantages. To avoid secondary fermentations 
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which sopaiatc at tho surface on standing, or, bottei, on oentnfugation in a separator of 
the de Laval typo (Fig 266) 

After filtration through cotton- wool or, better, after a brief centrifugation to remove 

during matin atioii and prevent the swelhng and spoiling of tho cheese — which otherwise frequently 
occur — cortaiu soloctod ferments are initially added inidoi favouiablo conditions (Gonm, 1906), 
or attention is paid (yoiuuii, 1910) to the chemical surroundings in which matuiation takes 
place {sec p 151) 

After the ohocso has been separated from tho skim-milk, further boiling and coagulation 
of tho latter yield tho dissolved albumin {ncolla)t the whey finally romainmg being used either 
as food foi calves or pigs oi for tho manufacture of rmlk-8:UAja} {sac lafor, Lactose) Skim-rnilk 
IS used 111 some coiiutnes for tho pioparatioii of cheap and highly nutritious bread or of krphir 
{ace p, 101), while in locont years it has been utihsed for making nulk-powdor by evaporating 
it rapidly on a largo lotating cyliiidor of motal lieated by steam at 147'’ and in some cases enclosed 
in an ovaciiatod ebambor A knife is ai ranged to detach the dry powder, winch falls into a box 
Tho milk may also bo oonconUatod to some o\tont ni vacuo and then either pulvenaed witli 
hot air at 160“ or passed in a tliin him on to two revolving drums heated internally by hot water 
at 48 tho dried cnist being scraped off, dried in a vacuum and powdered 

In some onsos the water is removed £rc»m the milk by freezing and coutmual stirring, tho 
roHiduo being siibsciiuoutly dried Being deprived of fat, this powder does not bocorao rancid, 
and if a little calcium saochaiato is added, it clissolvos and gives sJcim-milk on dilution with water 
Milk-powdor is also used by pastrycooks Whoa casein is to be separated for mdustriol purposes, 
it 18 obtained pure by tieatmg the skim-niilk at 60° to 60° with a ourrent of sulphur dio\ide 
(Soncini and Todtonliaupt, Gor Pat 184,300) , it is dried m a stream of hoi air or, to obtain 
it in a moie soluble state, in a vacuum, while, if a highly pure product is lequired, it is dissolved 
in allcall and reprecipitated with nitric acid (it then has tho percentage composition C, 62 96 , 
H, 7 30 , N, 16 60 , 0, 22 64 , S, 0 76 ,* P, 0 84) Besides 
being soluble in alkalis and borax, oasoiri dissolves m 
solutions of potassium iodide, sodium thiocyanate, sodium 
phosphate, etc When dry and powdered, it may be used 
for cortaiu oonoontratod food products {plaavtov, niU 7 Vse^ 
iropon, aanatogm, aomaiosc, otc ), either in conjunction 
with, or m place of, meat extracts and peptones These 
concentrated foods are obtained by heating tho po\\ dored 
oasoiii on a water- bath with alkali solution or hydro- 
clilono aoid, tho lattei being afterwards neutralised with 
sodium carbonate and the hquid filtered and eoncoii- 
tiatod in a vacuum Casein servos also for dressing 
textiles and foi making greased paper (rendering it 
soluble with sodium ciuboiiate or borate) and material 
sinulor to bone or eelluloid, by compressing jt when 
hot and hardening it with fonnaldehydo , gallalith and 
lactUti are made m this way 

ANALYSIS OF MILK. Milk being a valuable 
nutrient for man, and being also easy to adulterate, it is usually analysed ohomhally to test its 
gonuinonoHH Milk from eows of different breeds and distnots vanbs wiilun relatively narrow 
IimitH, but, in doubtful coses of adulteration, a mixture of tlio total milk of all tho cows of tho 
herd from which tlie susjiected sample is fiiinished is also analysed Tho s}) 0 cifir g)aniiy is 
measured with a hydrometer oi a Wostphal balance at 16° (m' Vol 1, p 76), foi natural 
milk it vanes bet^\coll I 0296 and 1 0336, juid for sopaa’atod milk between 1 033 and 1 036, while if 
nuieh water lias been added it is below 1 0296 ^J’he value of tho spocitio gravity is not 
sufficient to prove watoiliig, as this value is sometimes miuntainod unchanged by simultaneous 
removal of cream and addition of water Jii such a cose, use may bo made of tho ai)vc%jic 
{}ramLy of the whvy, wJucli is never loss than 1 027 with pure milk Watering, even to the 
extent of only 6 per cent , is also readily detootablo by tho cryosoopio motliocl examined in 
1898 by G. tJonmlba (for fresh, non-aoid milks free from antiseptics, tho cryosoopio point 
varies from 0*64 to 0 60) or by observing the whey m tlio iieisH butyro-refractomotor (scr p 463) 
Tho latter method was proposed recently by Aekermann, wJio jiropares the whey rapidly by 
olotting 30 0 . 0 . of milk with 0 25 o c. of a calcium chloride solution of sp gr 1*1376, heating 
for 16 miriutoH on tho water-bath, cooling to 17 6° and separating the seriim by decantation , 
the reading on the Zeiss scale is 38*8 to 40 for pure milk, 37 7 for milk -j- 6 per cent, of 
water, 36 7 with 10 per oont., 34*8 with 20 per cent , 33*3 with 30 per cent. 32 with 40 per cent., 
eto G. Gornalba (1908) liolds that genuine milk contains at least 6 per cent of aoluhh aubsiancca 
(t c dry residue less fat and casein), every 0 2 per cent loss than this amount indicating 6 per cent, 
of added water. Since natural milk does not contain nitrates, which are, however, present in 
nearly all waters, watering may also be deteotod by testing tho milk for mtratea m the some 
way as wine is tested. Watered milk appears sUghtly blue when compared with genuine milk. 

Comanduoei and Frontora (1912) detect watering by means of tne rotatory power of the 
whey m a 10 cm. tube at 16°, for pure milk this is 2 38° to 2*48°, wmlat milk with 
10 per cent., 30 per cent and 60 per cent, of added water shows respectively 2 31°, 1’60° and 
0 68 °. 

The toUd residue and asih ore determined by evaporating 6 grms of milk with a drop of ooetio 
aoid in a platinum dish, drying m an oven at 106°, and weighing , the dry residue thus obtained 
ifi then heated to redness until completely moineratod, and weighed , the ash is used for the 
detection of borax or sodium bicarbonate. 
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suspended impurities, the milk passes, while still tepid, to the ehainhcr of the contrifujj[o, 
A, mounted on the axle, S, actuated by a pulley which is not shown m tho figiiio (2(16) 
and which rotates several thousands (6 to 7) of limes per minute In this mannei the skini- 
imlk IS expelled to the periphery and earned off by the tube, into the oolleetincr plate, 
Be, whilst the lighter cream rises and is discharged by the channel, c, into tho collector, 
GJ These separatoi a easily treat 10 hectolfl of milk per hour Tho cream that sopauitcs 
18 agglomerated mto small lumps of butter by churning {see, for instance. Fig 2G2), knead- 
ing, and so on, just as with margarine To obtain a 
butter that will keep, however, tho cieain is subjected to 
pasteurisation and acidification {see Note on p. 472), the 
butter being worked with water that lias been stonliaed, 
for instance, by ozone or ultra-violet rays Tlie flavour of 
butter, which was formerly regarded as clue to tho esteii- 
fication of the fatty acids, seems to result fitnn tlic fiu- 
raentation of lactose and the formation of aldehydes 

The percentages of the various fatty acids entering into 
the composition of tho glycerides of butter aic as follow 
stearic, 7 to 11 , pahnitic, 14 to lb , niyiistic, 11 oi more , 
Jauric, 14 to 16 , oleic, 26 to 30 , higher uiisatii rated 
acids, 4 to 6 7 ; also the volatile acids, butyric, cajiroie, 
capryhc, and capnc , further, small proportions of acetic, 
arachic, and hydroxy-acids, cholesterol, phytosterol, Jcci- 
thm, and a yellow colourmg-raatter , winter butter is less yellow than that of sn minor 
(green feedmg of the cows) Unhlce other fata, butter contains a imxed palimto-oloo- 
butyrio glyceride, G 3 H 6 (Ci 6 H 3 i 0 g)(C, 8 H 3 a 03 )(C 4 H 702 ) 

Also, in comparison with all other fats, butter oonLains a largo quantity of volatile 
acids soluble m water The mean percentage composition of naturai butter is • water, 16 , 
fatty substances, 83 , lactose, 0 6 , proteins, 0 7 , and mineral salts, 0 6 

Commercial butter should contom not less than 82 per cent of fat, tho remamdcT coii- 
sistmg of water, about 16 per cent , and salt, 2 per cent. 

In judging the punty of butter, an examination is made of tho butter fat obtained by 
heatmg the butter to about 60^^ and then leaving it to clarify and to deposit tho water 
salts, etc The constants for this fat ore oomporod with those given m tho Table on p 466, 
attention bemg paid to the remarks on pp 460 and 463 referring to tho soluble volatile acids 
and to the butyro-refractometrio readmg, which should have tho following values at dif- 
ferent temperatures 41 6 at 46°, 43 6 at 43°, 43 7 at 41°, 44 7 at 30°, 46 9 at 37°, 47 at 35", 
48 1 at 33°, 49 2 at 31°, 60 3 at 20°, 61 4 at 27°, and 62 6 at 26°, 
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Genmne milk has not leas than 12 per cent of dry roaidne, or, subtracting tho amount of fat, 
not leas than 9 per cent Tho dry residue (r) may also be calculated from the specliio gravity (w) 

and the percentageof f«ii {g) by Floiaohmann’s formula r = 1 2^^ H- 2 606 

Bzierminaiion of Fat, This is usually made with tho Gerhn hutyrom'ter (l-i’zg 206). Into 
a special wide-mouthed flask with a long, narrow, graduated neck aro pipetted 10 o.c. of 
concentrated sulphuric acid (sp gr 1-826), 1 o c of amyl alcohol, and 11 o.c. of milk, wliich 
are allowed to flow gently down the side The flask is then tightly closed with a rubber stopper, 
wrapped m a cloth and shaken rapidly and vigorously, the flask with tlie pink or rod liquid 
m immersed for six or seven minutes in a water-bath at 66° to 70° and then centrifuged on a 
flat plate, being orr^ged radially m chps with the mouth towards tho ciroumforenco. After 
a few mmutea oentnfugati^ the fat la separated from the acid casein solution and the percentage 
of fat by weight is read ofi on the graduated neclt of the flask after the latter lias been left fur 
a few minutes on the water-bath 


ne method— which is used rarely and only in oases of dispute— of estimating fat 

as that of ^xhlet, and is based on density of the ethereal solution of the fat extracted from 
the mi^ after rendering alkalme In nearly all oountnea in has been established that a natural 
milk, obtamed by m i lk i n g completely a number of cows, contains os a rule not less than 3 per oent 
of fat, m very rare oases 2 9 per cent , and more frequently 3 6 per oent. 

If tho speoiflo gravity (tf) and the dry residue (r) of a milk are known, the fat {g) that it 
should contom is Reduced from FJeisohmann’s formula g = 0 833r — 2 22 (100s — 100) 
oalouiate the dry residue (r) rf a w^le milk use may be made of I’leisohmann’s corrected 

formula r = 12g-i J , that of a skim-milk is given by . r' = 0 2g + 

2 666 (lOOi — 100) 
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The moat certain method of detecting adulteration of butter with cocoriuf oil m by detei- 
mming the volatile fatty acids insoluble in water (Polensko number),^ and for other adul- 
terations vanoua tests are made 

The degree of ranvuhtij is detorinmod os doaonbod on pp 463 and 464 

In order to avoid rancidity, butter must be kept or despitched m ice or m cold chambers 
Butter may bo coloured yellow by saffron, turmeric or, more commonly, annatto, which is 
an extract of the fruit of Bmi orellam made into a paste with an oil , the use of coal-tar 
dyes is prohibited 

Renovated huiter is prepared m America from rancid butter, which is kneaded with a 
solution of sodium bicarbonate (e g m the Werner and Pfleideror kneading machine, 
Pig 264, p. 473), and is then waslied with just tepid water in the rotatiug-iilato kneader 
(l<hg 263, p 472) until it no longer gives an alkaline reaction It is then kneaded again in 
tho former machine with milk, cooled with a jet of very cold water and tioated like ordinary 
butter a second time m tho latter kneader. Natural butter can be distinguished from 
renovated butter since when molted at a moderate temperature, the former gives a hmpid 
and the latter a turbid mass 

BONE FAT 18 obtained mainly from glue factories, and is extracted from tho crushed 
bones either by boiling with water (see Vol I , p 647) and skimming tho fat which ooUoots 
at tile surface, or by treatment with benzine or carbon disulphide in an extraction apparatus 
(see later), Tho first method yields 3 to 4 per cent, of fat, and the second 7 to 9 per cent. 
Tlio latter has, however, an unpleasant smell and is dark and of mfenor quahty ; it may be 
refined by means of dilute sulphuric acid or sulphuiio acid and dioliromate or barium 
peroxide (see Tallow). Its constants are given m the Table on p 466 

It IS used 111 making soap, especially resm-soap, and also candles and oart-greoac 

^ Polensko (1904-) showed that coconut oil oontauiB a high and constant pioportiou of volatile 
fatty acid insoluble in imlrr, whilst butter contains very little of these If the Polenske number 
(or nno haltn -ralne) is expressed in c c of deomormal KOH necessaiy to neutiahse tho msolublo 
volatile acids contained in 5 grms of tho fat, it-s value is 16 8 to 17 8 for coconut oil and 1 6 to 3 
for pure butter The lloichert-MoisHl-Wollny numboi and tho Polensko number may bo 
determined by a single operation, tho butter bomg saponified in the following manner (Leffraonn 
and Beam) 5 grms of tho filtered butter, together with 20 grms, of glycerine and 2 c o of 
caustic soda solution (100 NaOH to 100 HaO), are placed m a flask of about 300 o.c capacity, 
this being heated with a naked flame Aitor 6 to 8 mmiitoB’ boiling, tho water evaporates, 
frothing ccasos, and the mixture booomoa clear, the hoatmg bomg then continued for a few 
minutes longer When tho liquid has cooled to 80° to 00°, 00 c c of water at 80° are added, 
a clear and almost colourlosa solution of tho soap formed bomg thus obtauied To this solution, 
heated nearly to boiling, arc added fiO c c of dilute sulpliurio acid (25 o o of tho concentrated 
acid in a litre) and j grin of powdered pumico, tho volatile acids bomg thou distilled so that 
no 0 0 is (‘olloctod lu 19 to 21 minutes in an apparatus corresponding exactly with that shown 
m h'lg 25 i on p. 461 

Tho 110 c 0 . flask is cooled in water at 15° and inverted several times to cause tho drops 
of insoluble fatty acids to collect Tho hquid is filtered, titiatioii of 100 u c of tho filtrate with 
dooinormal Kok giving tho Beicheit-Moissl-Wolhiy number The tube of the condenser and 
the 110 c c fiask are then washed with throe separate amounts of 15 o o of water, which la passed 
through tile filter, the flask bomg subsequently washerl with throe quantities, each of 15 o co 
of noutraliHod 90 per cent alcohol 'J'ltratioii of tho whole of tho alooliollo filtrate with doemonnal 
KOH gives the Polenske number, wdueh allows of the detection of 10 per cent of coconut oil 
in butter The result has been slated to be inoonolusivo if tho cows have boon fed with coconut 
cake. 

Adulteration with margarine is readily detected by the content of aggregated crystals which 
are obseiwod under the mlorosnopo m jioloiiaed light or, bettor, m light which has proviouflly 
passed through a seleiiito plate Fresh, noii-meltod butter does not, mdood, jaola crystals, 
but old and rancid or melted butter does give thorn, so that, in this case, the test is invalid 

Tho dotemunation of water, fat, solids not fat (casern, lactose, and mineral salts) can bo 
simply carried out, according to Fahrion ( 1900), as follows in a platinum crucible, tarod together 
with a glass rod, are weighed 2 6 to 3 grma of butter, which is then heated over a small flame 
and stirred until it is molted and clear , roweighing gives tho proportion of water. The residue 
IS then dissolved in light petroleum and the solution filtered through a tared filter, which is well 
washed with solvent The filtrate is distilled in a tarod flask and the remaining fat dried for 
an hour in an oven at 100° to 102° and weighed After diymg at 100° tho weight of the filter 
less the tore gives the non-fat By burning the filter m the oruoible, inomeratlng and weighing, 
the salts (NaCl) or mineral substances are obtamod 

No addition of ontiseptio, for the keeping of butter, is allowed , bone aud saUoylio acids 
can be detected os m beer The presence of formaldehyde may be asoerbomed by distilling 
25 0 , 0 . of water in a current of steam from a flask containing 60 grms of butter and 60 o o of 
boiling water ; the distillate is tested by means of Rimini’s reaction (see p 131). 

Addition of artificial yellow colounng-matter is shown by the intense coloration assumed 
by ^solute aloohol when shaken with the fused butter. 
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HOG’S FAT (Lard) is obtained by melting the fatty parts of tlie pig, as m the case of 
tallow (Refining, see p 470) In Germany large quantities of it are consumed for culinary 
purposes, and m Italy almost the whole of tlus product is used by the lower classes as a 
substitute for butter and oil Considerable amounts are employed in making soap and 
candles In 1891 Germany imported 75,000 tons from the United States, but sinoo this 
was prepared with aU the refuse of oxen and pigs, and also with the residues of diseased 
animals, while addition of appreciable quantities of cottonseed oil and bleaching by the 
addition of lard steanne were also resorted to, the food-viiliie was greatly lowered The 
Table on p 466 give its constants The presence of cottonseed oil is detected by Halphen’s 
teat (see p 470) 

In the United States the production of lard is contmiially increasing, 21 millions of pigs 
bemg killed in 1902 and 26J millions m 1906, the exports amounted to 260,000 tons 
(£10,800,000) m 1911 

FISH OILS WHALE OIL and COD-LIVER OIL The fat of the whale, seal, and 
dolphm 18 extracted from a species of lard contained in the membranes of tlie brain and 
back , it is, however, worked m a primitive manner, being loft to melt and putrefy m 
barrels exposed to the sun The oil bemg thus separated, the lesidue is boiled with water 
to extract the tallow. When heated with water, the oil loses its unpleasant odour to some 
extent 

The head and other parts of the body of oertam whales, especially Physeter macro- 
cephalua (Caohelot whole), contoni an oil already separated and different from that of the 
lord , it sohdifies at the ordinary temperature, givmg the so-called SPERMACETI (or 
Sperm Oil), which, after filtration, pressure (to separate the steann or sohd wax), boiling 
with water and a httle caustic soda and repeated washing with water, forms a fat or oil 
of great value m the manufacture of pharmaceutical products, perfumes, and high-olass 
candles. 


Cod-hver Oil (from the fresh liver of Oadus morrhaa, caught m large numbers m Norway 
and elsewhere) is used m considerable quantities os a recuperative modioine m virtue of 
the small proportion of chemically combined iodine and of the large amounts of readily 
emulsifiable fatty acids it oontama It is now obtained with a Jess unpleasant taste and 
smell, as it IS being prepared m a more rational way by melting it m closed vessels with hot 
water or direct steam, the best results bemg obtained in absence of air — in an atmosphere 
of hydrogen or carbon dioxide or m a vacuum (Eng Pat. 26,683, 1906) 

Natural cod-hver oil, prepared by the old process, has a considerably higher acidity 
(acid number, 8 to 26) than that separated by the more modern methods (acid number, 
0 7 to 1 4) 

The production of cod-Jiver oil in Norway shows a continual increase, although it 
vanes in different years, according to the abundance or scarcity of the fish, from 20,000 
to 100,000 tons per annum, about ono-half of this amount being obtained by the newer 
methods of extraction 

Adulteration of the oil is detected by analysis, taking account of the constants given 
m the Table on p 466 


Fish-od Waste consists of infenor oils of unpleasant odour and taste, the odour being 
unaaturated compound, clnpanodomc nc^d, which combines 

with 8H to form stearic acid These oda are used m dreasmg leather, in the manufacture of 
DEGRAS.i also employed for treating skms, and m the preparation of fatty acids for soap- 

1 + chamoising process (separation of the fat from the skins after 

of wtS 46 Iff? ^ other skhiB It consists essentiaUy 

90 ^ ^ ^ resinous substances (d^graghne or d^aa-fw'tnJ, 

nf ) from the oxidation of the oil, mineral subatanoea (about 2 per cent consisting 

Tf an sulphate) and residues of skm. membranes, hair, etc (a^bout 6 por cent f 

of 34 to 36, L saponification n^ber of 
i^8*veio^''w^ number of 32 to 44, and 1 to 3 per cent, of non-sapomfiable substances. 

brown, has an odour of fish oil and readily forms a very persistent emulsion with 
petoleu^^ choi-aoteristio constituent and, unlike other resina, is msoluble in light 

? jessing lies m its property of penetratmg readily, and m large quantities 
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making , these fatty acids are deodorised by heating with 16 to 20 per cent of eonoen- 
trated sulphuric acid at 30° to 40°, washing and diatilUng with superheated steam Suc- 
ooBsfiil attempts have been made to harden these oils by hydrogenation (see p 480) In 
Norway in 1913 a single factory treated daily 160 tons of these oils with 4600 ou. metres 
of olectrolytio hydrogen 

WOOL FAT Pliny mentions the use of this fat m medicine, and its employment for 
this pill pose extended to the seventeenth century. In 1866 Chevreul classified it with the 
waxes owing to its richness in cholesterol, and in 1867 Vohl proposed its preparation from 
the wash-waters of wool. When washed with tepid water, soap, and a httle potassium or 
ammomum carbonate, certain greasy wools (from Australia) lose as much as 40 to 60 per 
cent, of their weight as soil, fatty acids, potash soapy substances and fat, secreted by the 
superficial cells of the skin The wool from certain races of sheep may contain from 7 to 36 
per cent of true fat (if the sheep are not washed before shearing). 

In some factories the wool fat is extracted from the dried wool by means of carbon 
disnlphide or, better, of benzine (at Vorviers, in Belgium, the wool from all the estabhsh- 
ments in the city has for several yeara been washed with benzine in a large works), subse- 
quent washing with watei and a little soap bemg then more easy and economical The 
crude fat obtained in this way after distillation of the solvent is shghtly coloured and almost 
free from water, and is ready for the market Usually, however, the dirty wool is washed 
in the Leviathan mocliine, the soapy, greasy wash-waters being first allowed to stand to 
deposit earthy matters and then treated with dilute milk of lime or, better, with calcium 
chloride solution shghtly acidified with hydrochlono acid The soaps and fatty acids 
(palmitic, corotic, a little caproic and oleic and traces of steanc, isovaleric, butyric, mynstio, 
carnaubio, and lanooorio) are precipitated as calcium salts and carry down the vxtol fat, 
which 18 only shghtly saponifiable owmg to its large content (66 to 60 per cent ) of 
cholesterol, isocholostorol, ceryl alcohol, lanolyl alcohol (CjaHa^O) and carnaubyl alcohol 
(Ci, 4H5 qO), which do not contain glycendes After this treatment the wash-waters are 
either left to stand or coarsely filtered to separate the pasty mass , m some cases the water 
IS removed from the calcium soap and fat by centrifuging m a separator similar to that 
used for milk (Fig 266, p 476). The paste thus obtained is dried m the sun or in on oven 
and thou made mto cakes with sawdust, etc., the rather dark crude wool fat bemg extracted 
from those by moans of carbon disulphide or, bettor, benzine. The residue from the cakes, 
when treated with dilute sulphunc acid, yields fatty acids, and the resultant aqueous 
emulsion, coarsely filtered to remove solid substances, deposits the fatty acids when heated. 

Thus obtained, wool fat is dirty yellow, transparent, and very viscous (it can be obtained 
pale yellow by special refinmg processes) ; it melts at 36° to 40°, and has the saponification 
number 85 to 106, the iodme number 13 to 17, the acid number 0 6 to 1*3, the Hehnor 
number 86 to 95, the Reichert-Moissl number 0 to 7, and 0 6 to 1 per cent of water, while 
its rotatory power in sacoharimetno degrees is -f 10 2 to + 11 2 Commercial lanolmo 
iloes not contain more than 30 per cent, of water 

Wool fat is bettor suiU^d than any other fat or even va-gelmc os a basis for salves and 
ointments, and has also considerable power to penetrate the skin It mixes readily with 
large proportions (up to 105 per cent.) of water (which separates in the hot) and, if mixed 
with 20 per cent of olive oil, it can absorb 320 per cent, of water. 

In some oases the crude wool fat is distiUod with superheated steam, this procedure 
giving a wool oil or wool oleine containing 40 to 50 per cent, of fatty acids, 36 to 46 per 

frwh quantity of fish oil, this operation being repeated until practically no residue remains. 
Attempts have also been made to obtain mo^Uon by pulverising fish oil m the ait at 120° and 
omulaif Wng with water. At the present time, the term ddgras is applied to a complex substance 
for dressing skins and oonsiating of a mixture of mofillon with wool fat, tallow, and other sohd 
fats, whilst by mo^llon is mdloated the aqueous emulsion of oxidised fiali oil Artificial d^gras 
IB now preferred to the natural product, smoe different types can be prepared for different purposes, 
such types being of more constant composition, and hence more certain m their effects. A good 
artificial d6gras usually contains 16 per cent, or more of d(Sgrag6ne and less than 20 per cent, 
of water. When such ddgros contains more than 1 to 2 per cent of non-saponiflable substances, 
these ore derived, not from the fish oil, but rather from the wool fat, ream oil, mmeral oil, etc. 
French d^gras sometimes oontams 1 to 2 per cent, of soap and as much as 6 to 6 per oent, of 
skm fibres . in general, it should contom less than 0*05 per oent. of iron and, when spread m a 
thin layer on gloss and kept for 10 hours in an oven at 100°, it should not form a varnish, but 
should assume only a homy consistency. When smeared on moist and well-pressed paper, 
it should be absorbed within an hour, leaving only a minimum residue. 

Natural dtoos oostd about 285, per owt., Sie artificial product of the first quality about 205., 
and the Fr^^ (moSllon) about 345. 
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cent of hydrocarbons, and 5 to 10 per cent of alcohols, while the distillate deposits a 
wool stenrine^ which melts at 42° to 155°, liaa the iodine number 37, and the aaponification 
number 170, and contains cholesterol and, altogether, 73 to 88 per cent of free, solid 
fatty acids 

in 1905 Germany exported 134 tons (130 in 1903) of lanoline, of the value £10,000 

CHRYSALIS OIL. The dead silkwoi m chrysalides remaming after removal of the siDc from 
the oocoon eontam 26 to 27 per cent of oil recoverable by pressure or extraction by solvents 
The oil IS reddisli-broTO and of somewhat unpleasant odour, deposits stoarino at the 
ordinary temperature and sets to a buttery moss at 0° Its iodine number is 112 to 118, 
and its saponification number 190 to 196, and its fatty acids melt at 32° to 36° and solidify 
at 28° to 30° The oil oontama up to 30 per cent of free fatty acids and may be decolorised 
witli fuller’s earth. Tlie ohryaaJides were formeily used directly as a nitrogenous fertiliser 
(7 to 8 per cent N), but, nowadays, the oil is first extracted, the residue, containing 10 to 
12 per cent of organic nitrogen, being used as a fertiliser The crude oil was utilised portly 
for making inferior odorous soaps, and also for the sepaiation of the fatty acids After 
distillation in a vacuum the oil gives hard, odourless, fatt^"' acids (Molmari and Fachini, 
1007) 

Tsujimoto (1914) deodorises and decolonaes chrysalis oil by shaking it for an hour with 
6 to 8 per cent of 60 per cent sulphuric acid at 100°, then washing it well with water and 
treating it at 130° ^vlth 16 to 20 per cent of Kambara earth (a Japanese earth supoiior to 
Florida earth , see Vol J , p 738) Thus prepared, the oil yields consistent fats on liydro- 
genation {vide infra) 

Italy produces about 60,000 tons of fi’esh cocoons, giving about 16,000 tons of air-dried 
chrysalides, from which at least 3000 to 3600 tons of crude oil is obtainable 

INDUSTRIAL HARDENING OF OILS BY MEANS OF HYDROGEN 

Glycerides of unsaturated fatty acids (oleic, linolio, Imoleic, etc ) preponderate in 
ordinary liqiud oils and fats, and those of saturated fatty acids m ordmary solid fats, which 
are largely used os fatty foods and for malting soap and candles Large quantities of cer- 
tain oils are, therefore, converted into solid fats winch are of higher value and more readily 
utihsable (^ee note 1, p 369) 

Although various hydrogenation processes had been known m the laboratory, indus- 
trial application of these to the hardeumg of oils was not attempted until after the work of 
Sabatier and Sendorens on the hydrogenation of organic compounds m general {see pp. 36, 
07, 124) On the basis of these mvestigations, Normann (Ger Pat 141,020, 1902) first 
applied hydrogenation to unsaturated fatty acids and glycendes (oils) The process was 
not, however, at once applied on on industrial scale m Germany, but was used first m Eng- 
land by Crosfield and Sons, of Warrington, and also in Holland , only m 1911 was it utilised 
in Germany, finely divided nickel being employed as catalyst 

Better results are obtomabJe with finely divided palladium, which works at 80° to 90° 
(ill 1908, Panl used colloidal palladium at almost the ordmary temperature), but, although 
a large pni-t of the palladium (winch servos for a long time and is not so sonaitivo as nickel 
to poisons such as sulphur, lioS, CS^,'01, organic thio-compounds, hydrocarbons, etc.) is 
recoverable, it is, nevertheless, very expensive Palladium ohlondo, which 8kita proposed 
to use at a pressure of 2 to 3 atmos , is cheaper, and at 100° one part of palladium suftiooB 
for 100,000 parts of oil. 

The nickel catalyst is prepared by reducing the oxide obtained either by calcining the 
nitrate or by precipitating the sulphate by means of an alkali, the oxide being deposited on 
an maotivo, porous support such as pumice, coke, asbestos, etc , and then reduced by 
hydrogen at about 300° The active, finely subdivided mckel thus obtained completely 
hydrogenates oil at temperatures below 160° Decomposition of mckel totrocarbonyl (ace 
Vol I , p 846) also yields on active product 

When prepared m this way, the oatal5rst is emulsified with the oil The oxide itself 
may be mixed with some of the oil and then reduced by hydrogen m a jacketed autoclave 
at 230° to 240° for two hours ; the emulsified catalyst thus formed is mixed with the oil to 
he hardened, a temperature of 120° to 160° bemg sufficient for this operation, 

Bedford and Erdmann (Ger Pat 292,649, granted m 1916 in spite of opposition from 
Normann) apphed to unsaturated fatty acids the methods developed m 1907 to 1909 by 
Ipatiev and in 1910 by Wilbusohewitach (who effected catalytic hydrogenation of organic 
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substances in tlu' hot at prcssuitH of 8 to 10 atmos by moans of nickel) Erdmann used 
apparatus of copper or aluininiLim, wlucli may, however, influenco the taste and odour of 
the product Witnmer and Hicjgiiis use as catalyst nickel lactate, acetate or formate, the 
action of which is iniprovod by addition of carbon , nickel borate lias also been used 
Nickel oxido boa a slow action and hardens oils at toinperaturos above 200° to 240°, the oil 
being daikenod Erdmann considers tlie catalytic action of tlie oxide os duo to the alter- 
nate formation of the oxide and suboxide, but othere suppose that the oxides arc reduced 
by the hydrogen to mckel, to which the tiuo catalytic effect is duo 

A diagram of the plant proposed by Wilbuschewitsch (Eng Pat 30,014, December 10th, 
1010) for use in the preparation of the catalyst, and in the hardening of the oils, is shown 
in Eig 207 The highly active mckel catalyst is obtained by soaking burnt clay in sul- 
pliuno acid, then in nickel sulphate solution, and afterwaids m sodium carbonate solution, 
the nickel oarbonalo thus formed being converted by hoating into the oxide and this mto 
nickel by the hydrogen I'ho Ihiely powdered mass is readily oxidisablo and is emulsified 
directly witli oil and kept In Jt is placed the oil to he treated and in 0 the catalyst, the 
two IkiuuIh bi'ing drawn by the pumps, ^4 and A ^ m the proper proportions to be emulsified 
m Ji and passed thiougli the pipe, (7, and distributed by the valve, //, and tho^pulvenser, C, 
to the jaek(*lcd autoclaves, etc The hydrogen is injected by a comprosser, K, at a 



presfluro of atmos. through the tube, A*", to the bottom of the autoclave, whore it is finely 
subdivided by the distrihutors, Dj, Dj The autoclave is heated first to 100° to 160°, 
according to thi‘ kind of oil, the partly roiluucil oil collecting in the conical base of being 
drawn off by the pump, E, and injected into i/g, while tho hydrogen escaping from posses 
mto ./j through the jiipo, Y , the oil then goes through tho pump to In tho passage 
of tho oil through each autoclave, tho melting-point is raised by about 15°, and whoii the 
doBirod melting-point hns been reached, tho oil is discharged through the cock, T/, into the 
centrifugal separator, F, the solidified oil being sf'paratod in N, while tho oil containing tho 
catalyst paases through the pipe, Z, and the cocks, and T, to be circulated again m tho 
autoclaves. As the catalyst becomes exhausted the amount used is increased ( 1 per cent, of 
the fresh material suffices), bemg discharged into P when almost completely exhausted On 
the other hand, the hydrogen not absorbed in the last autoclave, J g, issues from the valve, Wt 
and through tho tube, Q, to the cooling coil, L, and thence to the washer, M (containing 
sodium carbonate), from which it returns to tho cycle through the oompressor, K, The 
reduction generates heat and the temperature in the autoclaves is sometimes regulated 
by passing cold water through the jackets. 

The amount of hydrogen required vanes with the nature of the oil and the degree of 
hydrogenation required, and is usually 8 to 12 ou. metres per 100 kilos of the oil. The 
hydrogen from WB>ter gas should, after purifloation, contain less than 2 per cent, of CO and 
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leas than 0 1 per cent of HoS {see Vol I , p 141) The rapidity of the reaction and the life 

of the catalyst increase with the punty of the gas. 

The iodine number of all hardened oils is very low 
(5 to 26) The cholesterols and phytosterola undergo no 
change and serve to indicate if the original oil was a 
mixture of vegetable and animal oils Hydrogenation is 
applied to mfeiior oils (olive, cottonseed, fish, etc.) to obtain 
consistent fats for making marganne and candles In 
general, oils thus treated lose their ongmal odour and 
assume that of tallow 

In Geimany about 200 tons of hardened oils were 
produced per day m 1913, and during the European War 
the manufacture assumed enoimous importance In 
France two factoiies have an output of 20,000 tons per 
annum. Before the War the total cost of hydrogenation 
was calculated at £6 to £8 per ton of oil 

Haidened oils, sold under different names (talgol, talghin, 
candelite, cruteoUn, etc ), have m -pt 38° to 60°, acid value 
3 6 to 4, iodine number 20 to 60, saponification number 189 
to 192, non-sapomfiable substances 0 3 to 0 6 They give 
moreosed yields of soaps, hut these form less lather and 
wash more slowly The refractive mdex is lowered some- 
what and the colour reactions are attenuated or annulled 
Almost all of them retain mmimum traces of catalyst, and 
mckol may bo detected m the ash by means of dimethyl- 
glyoxune {see -p 



VEGETABLE OILS 

In plants oils accumulate especially m the seeds and the fleshy parts of the 
fruit, rarely m the roots The composition of these oily parts varies somewhat 
with the locality and with the character of the season i 


^ The Mean Comwsitions of Oily Seeds and Fruits (the maxima and minima ore 10 to 
16 per cent above and below the mean values) are as follows — 
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The oil IS extracted by two processes hy 'pressure and by mearis of solvents. 
Edible oils are always obtained by the former method, as also are most of the 
others, solvents bemg used to extract the remaming oil from the pressed 
residues (oil-cake), when these are not to be used for cattle-food 

Accord mg to the power and degree of perfection of the pressing appliances, 
from one-fourth to one-seventh of the total oil is left in the cake Extraction 
of the powdeied cake with solvents removes all but the fifteenth part of the 
total amount of oil (1 to 2 per cent instead of 10 to 12 per cent ) 

The seeds are not worked up immediately after gathering, but are first 
matured, dried, and turned m bins or silos. They are then cleaned with sieves 
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and fans, crushed in a kind of roller press (Figs 268, 269) and powdered (some- 
times this is done directly) in vertical cast-iron or stone milk lilce that illus- 
trated in Fig 185 on p. 269. A mill with a diameter of 1 7 metre converts about 
35 litres of linseed into flour m twenty-five mmutes 

To obtain the edible and so-called virgin oil, the flour is pressed cold, 
although more commonly the pressing is carried out in the hot, this mcr easing 
the yield but mjurmg the quality and colour The flour is heated in the appara- 
tus shown in Rg 270, this bemg furmshed with discharge orifices, a, which 
allow the quantity corresponding with each cake to be delivered. Steam 
heating is applied m the upper chamber, c, while the lower one, 6, is well insulated 
so as to mamtain the temperature of the mass. 

Nowadays the pressing is effeoted almost everywhere with hydraulic presses of vaiious 
forms, ^ and only in small works ore wooden or metal screw-presses still employed, 

1 The HYDRAULIC PRESS is based on Pascal’s principle, according to which a pressure 
exerted on any pomt of a liquid mass is transmitted with the same intensity m all directions 
So that, if a pressure of 1 kuo is exerted, by means of a piston 1 sq om in area, on a hquid 
m one arm of^a U-tube, tiio other branch of which is closed by a piston 10 aq om. m area, this 
would require a pressure of 16 kilos to balance the first piston (£ig. 271), the pressure transmitted 
by the pressing surface being proportional to the area receiving the pressure 

The hydraulic press consiats of a auction pump, JP (Fig 272), which draws water from the 
reservoir, A, and forces it through the strong copper tube, t, mto the thick-walled chamber, JB, 
hermetioaUy sealed at the upper part by a large piston, b, carnnng a wide plate, c, on which 
IB placed the material to be compressed. The oompressmg surface is that of the base of the 
small pump-piston and the surface receiving the pressure is given by the base of the piston, b, 
the pressure received being dependent On we ratio of the sections of the pistons and on the 
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A hydraulic press which is widely used is the rmg-presa of BrUck and Hubner, of Mann- 
heim shown in Fig 275 The powdered seeds are placed on the miga, a, the base of which 


ratio between the arms, OP and Pi?, of the pump-lever If PR is ten times os long os PO ainl 
the force exerted at R is 30 kiloa, the piston of the pump roooivea a pressure of 300 kilos (30 X 10) ; 
if, on the other hand, the section of the largo piston, 6, is fifteen times as great as that of the 
small piston, the prossuro exerted on the former will be 4500 kilos (300 x 15) 


16 X 
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AVTien the piston, h, rises, the plate presses the substance agaiist a strong cover, d, fixed 
by three or four oolumns, o When the pressure is to be released, the water la discharged from 
the chamber, P, and the piston descends The pump is provided with a safety-valve which 
regulates the maximum pressure desired The large piston is made tight by encircling it at- fj 
with a leather ring (devised by the Enghshman Bramah) with an mverterl U -section , the water, In 
its attempts to escape along the sides of the piston, enters the ring and forces its edges against tli(' 
piston with a pressure increasing with the pressure of the water, and thus fonua a true hermetic seal. 

Nowadays horizontal hydraulic presses, which discharge the oil and coke more easily, arc 
also used, but these occupy more space, while at the same tune the piston does not roLodo of 
itself at the end of the operation 

In practice, when a substance is to be compressed with a hydraulic press, two or more pumps 

are used. The irat, which has a long stroke, raisi's 
the piston and plate rapidly, since at ilrst the 
resistance is small , when tlio prosHiirc uicroasiw, 
the compression is oontmuod more slowly by means 
of a small pump 

To avoid attention to a number of puinpH aiul 
loss of energy, works employing many hydraulu^ 
presses make use of the so-called hydraulic arcu- 
mulalors (Armstrong, 1843), which provide a storci 
of water under high pressure for the feeding of 
several presses at once (J^gs 273 and 274) A piston, 
L, moving m a cylinder, i?, just as in an ordinary 
hydraulic press, receives pressure from below by 
moons of compressed water from a pump, pasHing 
through p and ; the upper part of the piston is 
fixed to the centre of a plate, C, which, by moans of 
three oolumns, S, supports the plate, JS, carrving 
the heavy iron discs, J? When the piston is raisoil 
by the compressed water entering A, the wholo 
accumulator, R, Ct and the discs, jD, are raised. 
When Uj is closed A contains a store of water under 
great pressure which transmits pressure to a. 
number of hydraubc presses simultaneously when 
the oook, Vg, communicatmg vdth these presses is 
opened In order to prevent the piston, X, from being raised too much and so forced out of the 
oylmder, B, the lower part of the piston is provided with a small vertical channel with a lateral 
exit , when the latter is forced from the top of the cylinder, B.the water escapes, the pressure 
la lowered and the piston falls Large works are supplied with two or more accumulators, so 
that when one is raised and the other at its low position excess of oompressod water supplied by 
the pumps at any moment is directed to the latter accumulator, which is hence raised In this 
way, also, the final pressure of the hydraulic press can be utilised before discharging it, energy 
that would otherwise be lost being thus savecT 

By these means, a uniform and persistent pressure may be exerted on several presses, but 
it is exerted, not mpaduoUy, but instantaneous^, which may bo disadvantageoua m certain 
cases, unless indeed various accumulators at different pressures are employ^ Accumulators 
■with small pistons may be used for pressures up to 400 atmos The oiroulor iron rings composing 
the accumulator may be r^laoed by a single large oyhnder filled with scrap iron or stones 
The pressure of a hydrauho accumulator may be exerted m some degree gradually by 
oonneoting it with a oompressed-air ohomber {auiomaiic ac<yumulak>r) As hqmd for use in 
the accumulators, water, glyoerme, or oil may be employed. 
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consists of a movable, perforated steel plate covered witli a disc of woollen or horsoliair 
material. The flour is well pressed by hand or by a suitable machine, coveied with a scooiid 
woollen or horsehair disc, and passed along the guides, h, being thus brouglit between two 
plates, Cj which are smooth uiidernoath and grooved on the top and fit exactly into the 
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two rings coiitaming the flour, one above and the other below The groovetl side of the 
plate has also a circular, peripheral channel which colloots the oil issuing from the perforated 
base of each of the nngs when the press is working 

The automatic ohangmg of the rings requires one to two minutes, about the same length 
of time being occupied in discharging them, while, under a pressure of 200 to 300 atmoa , 
the pressing is complete m eight to ten minutes Kspooially with palm oil and coconut oil, 
the pressing may be oarrled out in the hot, the plates being arranged so that they can bo 
heated , this procedure shortens the time of pressing and moreasoa the yield of oil. In 
some oases the pressing is earned out first at a low pressure, 
which gives an oil of improved quality, the cake thus obtained 
being ground {e.g. by on Excelsior mill, p. 200) and squeezed 
under a high pressure for the extraction of a further quantity 
of oil of lower grade. 

The presses most commonly used are of the type shown in 
Fig 276 (in plan at t), d being a oylmdncal cage made of a 
number of vertical steel bars fixed to stout horizontal rings 
surrounding them (Fig 277), so as to leave vertical shts 
through which the oil flows. The oak<ffl consisting of 2 to 3 kilos 
of the hot flour and well wrapped in strong horsehair material, 
are placed in d, the superposed cakes being separated by 
fluted steel disos. The pressure is raised gradually to 200 to 
300 atmoB. When batteries of several cages are used (Fig. 278) 
hydraulic accumulators (Figs 273, 274) are often employed. 

Double hydraulic presses are sometimes used (Fig. 279), the two cages being rotitab o 
round the column 8 One cage is discharged and recharged while the pressure is acting on 
the other cage. 

With the presses about 70 per cent- of the oil of seeds and fruits is extracted ; by means 
of suitable solvents 08 to ^9 per cent, may be obtained. 

f 

I 
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Fig. 277. 
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Extraction of the oil by means of solvents (first attempted an England in 1866), from the 
orushed seeds or broken cake, is effected with carbon disulphide {see Vol I , p. 493) — which 
has considerable solvent action on fats, even in the cold, but also removes a certain amount 
of chlorophyll — or with hght petroleum (benzine), which exerts its maximum solvent effect 
in the hot The use of carbon tetrachloride has also been suggested [see VoL I., p 470), 
smce it is not inflammable hke the other two solvents and, further, allows of the extraction 
of the oil from moist substances 

The extraotifin may be carried out by direct exhaustion or by systematic exhaustion 
In the former case, the substance is treated with pure solvent, so that large quantities of 
dilute solutions which must be concentrated are obtamed , m the other process, a number 
of apparatus are arranged in a series so that the solvent passes from one to the other and 
leaves the last completely saturated, while the first apparatus, as it becomes exhausted, is 
charged with fresh material and placed lost m the series [see exhaustion of beet in the 
diffusers, under the headmg Sugar, later). From the saturated solution of the oil, the solvent 
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IS distilled by means of direct or mdireot steam and is thus completely recovered, while 
the crude fat remaining is refined 

There are various forms of apparatus corresponding with the first method of extraction, 
such as the jiferz universal eostractor, that of Fallenberg, and the Wegehn and Hiibner 
(Fig 280) form, which is fairly widely used. In the last of these the fatty material is 
planed m the vessel. A, mto which solvent is mtroduoed from I) by means of the tube, r q 
The solvent saturated with fat is discharged into the still, (?, where, by means of indirect 
steam passmg through the coil, y, the solvent is distiUed, its vapour asoendmg the tube, t, 
and condensmg m jB, and the hqmd ooUeotmg m D The fat remaining m C can then be drawn 
off through the tap, x, but if it retains solvent tenaciously, it is first heated by a current of 
direct steam, solvent and water then condensmg together in the condenser, B , owing to 
their mutual insolubfiity, these two liquids can be separated by means of a smtable Floren- 
tine receiver ^ situated at w between B and D, the water bemg thrown out. If th^ solvent 

^ The Florentine Receiver consists (Fig 281) of on iron oyhnder, joined at the bottom 
to the tube, O, and provided with a lateral tube, D, slightly higher than the top of the tube 
(^ =; 2 to 4 cm., according to the difference m density between the two hquids to be separated, 
c g, water and benzme) The tube, B^ carries the condensed mixture of water and scnvent to 
the bottom of the separator, the benzine nsing to the top and being gradually discharged through 
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saturated with fat, instead of being drawn off by the tube, is caused to rise to the top to 
the tube, Z, whence it falls into the tube, the oxtraotion is effected with oontinuous cir- 
culation of the solvent until the substance is exhausted To expel and recover the solvent 




Fig 280. 

retained by the substance reniaiiuiig m a 
current of direct steam is passed into the latter , 
this oarnea off the vaporised solvent along the 
tube, A, tlirough the 
valve, to the cool- p 
ing coil, B, the con- c-iiJrtLx 
doused water and oil 
being passed through 
the separator, w, be- ^ 
fore the latter hquid 
IS collected in D, 

Fig. 27i) means of tho 

Merz extractor, 
slightly modified by Fisher (Eng. Pat. 123,64/5), extraction 
may bo effected m cither an upward or a downward direction 
ancl also in tho hot , the extractor and still, shown m front 
and side views m Figs. 282 and 283, form a single apparatus, 
tho vapour of tho solvent heating tho mass to bo extracted 
before it reaches the condenser The material is introduced 
at A into tho cylinder, J5, having a closed base, C\ on which 
are a series of closed coils, D, for mdireot heating, and the 
perforated coil, E, for the introduction of direct steam, which 

D to tho tank (D, Fig. 280), while the water is discharged 
through IKj At the commencement of the operation water is 
introduced through tho tap, Z, into U until it flows out at Wi ; 
during tho distillation a tnckle of water enters at t If at any 
instant irregular distillation causes a sudden excess or defloit 
of pressure m the sepai^ator, either the exooss of gas may escape 
momentarily from 8, forcing a column of water into u, or suction 
at tf IS absorbed by a small quantity of water fallmg mto the Fig 281. 

funnel, r, which leads it to the bottom of the separator without 

mixing the benzme and water layers. When a solvent heavier than water, such as carbon 
disulphide, chloroform, etc , is used, the tube, /Fj, is oonnooted with the solvent tank, the water 
disohar^g from the tube, JD. When the extraction is complete and all the solvent has been 
expelled from the fat and from the residual cake, only water vapour condenses, as may be seen 
by collecting a sample of the liquid from the tap, 
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serves for expfelling the solvent from the extracted mass Steam enters the coil, F, above 
which IB a double perforated plate supporting the mass to be extracted , at the level of 
this plate 18 a rectangular door, G, for the discharge of the exhausted material 

The solvent arriving from the tank through the pipe, Hy ma^- be directed to the top or 
bottom of the mass by the 3- way cock, 2 At the top it enters at K, escapes thiough the 
holes of the annular tube, J, is heated by falling over the double steam coil, /, and is dis- 
tributed over the mass to be discharged tlirough I into the still, below CEF In ordei to 
extract from, the bottom upwards, the solvent is passed in at M and overflows the upper 
perforated plate, N, to collect in the chan- 
nel, O, and thus pass through P and the 
inspection glass, Q, into the still beneath 
The still is furnished with a heating 
coil which can be dismounted and with- 
drawn, for cleaning or repair, through 
the manhole, R Direct steam may be 
mtroduced, by the coil, to ehminate the 
last traces of solvent from the oiL The 
hot solvent vapour siurounds the extrac- 
tor, keeping the mass to bo extracted hot, 
and escapes at the top of the apparatus 
through the cast-iron pipe, Ty to the 
cooling and condensmg coils The residual 
oil IS discharged from the still through 



the valve, 3, at the bottom 
The condenser is separated from 
the solvent tank by a plate, T/, 
and consists of three coils round 
which the cooling water flows 
The condensed solvent passes, 
together with tho steam, into the 
automatic separator, V (ape. bhg 
282) The steam for tho extrac- 
tion should bo at 4 to H atmos. 
presauro and should bo dry, and 
if poBsiblo, slightly superheated 
Largo works, however, always 
use battorit^H of extraction ap- 
paratus arranged in series In 
a good extracting plant, tho loss 
of solvent does not usually oxoeed 

0 6 per cent of tho weight of oil 
extracted and is always less than 

1 per oont.^ 

REFINING of oils, to separate a^ far as possible the tanmns, proteins, and colouring- 
matters extracted from tho oily seeds and fruits, is generally effected by means of dehy- 
drating or oxidismg agents (the latter attack the colounng-matters more especially) 

In order that sulphuric acid may not act on the glyoendes (formmg ethers) and heat 
and partially carbonise the oil, it must be used at a concentration of about 60° B6 and m 
small quantity (1 to 2 per cent ) with oil heated to 60° to 60°, or with the cold oil ; under 


Fig 232. 


1 The solvents most commonly used for extracting oils for industrial — ^not food — purposes 
are benzme, carbon disulphide, benzene, ether, etc , which are insoluble m water, but are highly 
inflammable and give explosive mixtures with oir The use of such solvents caus^ 206 aocldenta, 
60 persons being killed and 187 injured, in Germany m 1911 For this reason inoreasmg use 
IB being made of non-mflammable solvents such os carbon tetrachloride and other emoro- 
derivativea of hydrocarbons (see p 122) 
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these conditions the few impunties are firet oarbomsed and the oil becomes ooloiirod, but 
after filtration it is obtained paler, purer, and clear. 

Zinc chloiido often gives almost the same leaults as sulphuric acid, and is added in con- 
oontratod solution (sp gr 1 3C) and m amounts up to 1 6 per cent, of the oil , the block 
flocciilent matter formed separates on standing or filtration 

In some oases it is sufficient to leave tho oil in large closed tanks of tmned iron with 
conical bases littocl with taps so that the impurities which gradually settle may be lomoved 
Fragments of cool, i>oat, willow, etc , may bo added, these carrying down the impurities 
as they settle In order to avoid prolonged 
contact of the oil with the an, pressure filters 
(described in the section on Sugar) arc pre- 
ferred , either the oil is placed at a higher 
altitude than the filter, or tho pressure is 
applied by moans of pumps, it being possible 
in this way to filter 1000 to 2000 kilos of oil 
in 24 hours To purify with sulphuno acid 
Twitohell process), tho latter is 
poured in a thin stieam into tho oil contained 
in a lead'hnod vat and kept well stirred 
After seven to eight hours, by which time 
small black clots of carbonised impurities 
have deposited, tho od is decanted into a 
second vat, washed two oj> three times with 
water at 40® to 60® (in some oases a small i 
quantity of sodium carbonate is added to the 
second water), being stirred meanwhile or 
omulHified by air from a Kdrting injector , 
after being left lo stand, it is either decanted 
or filtered 

Tho water is sometimes intimately mixed 
with tho oil to bo washed by moans of tlio 
so-called enuflaor-mitrtfiige (Fig 284), con- 
sisting of two Ruporposod metal plates with 
tho concave parts inside and moimted on a 
liollow nxlo rotatable at 8000 to 10,000 revs, 
per minute, wliilo through a central aperture 
commanded by two taps — exactly adjustable 
— the oil ami water are introduced m the 
desired proport.ions. Tho distance between 
tho two plat(‘s can be altered so os to give a , 
slit between thoir edges from 0 02 to 2 mm. in 
width, the more or loss completely emulsified 
moss being forced out through tho sht by tho 
jilates thoniHolveR. If tho oil does not separate 
from tlio water on standing, tho emulsion may 
bo dewti^iyed by adding powdered and oaloinod 
Hodium sulphate or carbonate (which aot as 
dehydrating agents) or by agitating the emul- 
sion with animal black or magnesium sihoate 
(which floparatos tho components), but the 
best r(»ults are obtamed with cenirifiigal 

aeparainrSf like that used for milk (fieep. 476), the water and impunties being forced to tho 
ponphery, whore they adhere, while the oil is discharged by the central tube. Tho acid also 
may be mixed in the same way, and continuous working may be attained by moons of a 
battery of omulsors and another of centrifugal separators , the latter serve well to punfy 
the dregs of tho oil and, in general, colloidal and soapy products of oils. When the emul- 
sified or colloidal condition is due to the presence of gum or wax, it is preferable to initiate 
freezing of the glycerides, this breakmg down the emulsion so that it oan be filtered When 
^hle emulatona of oil and water are required, as is sometimes the case, they oan be obtained 
by pouring the oil, mixed with sahfied stearo-amlidte, mtQ ft mixture of water and 
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490 ORGANIC CHEMISTRY 

ammostearic acid; when mixed, the dense emulsion is stable, oven in the cold (Kostora, 
1907). 

To deodonae oils, they are passed through bone-black or, sometimes, elm-baik The 
passage of superheated steam tlirough the oil heated to about 200° gives better result s In 
some cases, and more especially when very rancid, oils ore puiifiod by them 

with a ooncentratcd. solution (8° to 10° B6 for cottonseed oil and 3G° to 38° Be for olivo 
oil) of caustic soda m amount slightly exceeding that calculated from the acid numboi , 
this treatment, however, readily leads to the formation of persistent emulsions and to loss 
of glycendes and also of fatty acids These emulsions, which are duo to the presence of 
soaps, are broken down m the manner already described, first being heated to fiO" to 00° 
Emulsification is sometimes avoided by adding sufficient bme or ammonia to neutralise tho 
free acidity and then completing the refining by the passage of steam. If the acidily 
exceeds 30 per cent , the losses would be so high that deocidification is not advisable , siioli 
oils (e g , highly acid olivo oil after refinuig with sulphunc acid) cannot bo used as liibiicants 
or for softening wool, but are used solely for soap, unless indeed tho fatty acids aie trans- 
formed into glyoondcB by treatment with glycenne as described on p 401. 

Bleacliit]g with hydrogen peroxide, dichromate or ponnanganatc is eaiTied out na with 

tallow {aee p 470), but if the oil is first deacidified , 
1 kilo (instead of 15 kilos) of diohroinato iiei 
ton is sufficient. If it is requued to oliniinate 
every trace of soap, tho oil is heated with a 
boiling solution of 6 per cent sulplmnc acid. 
Vegetable oils are frequently decolonsed nowa- 
days with fuller’s earth (aee Vol I , p. 738),^ and 
good results are obtained also by heating witli 
alkalme solutions of sodium hydrosulphito, 

OLIVE OIL IS obtamod by pressing the fresli 
olives of Olm enropcca iii tho period fiom Octobiu 
to December (m Morocco, m August and Septcun- 
ber) Tho obve grows in abundance in CVntral 
and Southern Italy, on tho shores of Lake (larda, 
on the Genoese Riviera, and in Southern France^ 
Spam, Portugal, Dalmatia, Istria, Greece, 
Morocco, California, and Southern India. 

The composition of the fruit is given in the 
Table on p 482 

It IS not advisable to extract tho oil from 
stored or fermented olives, those giving tlio 
so-called Mule tonnmnte, which is neli m fatty 
acids and yields a persistent emulsion when 
Era. 284 shalten with soda solution, and a Tuil'ey-red 

oil — similar to tho sulphoncinate {aea p. 31)0) — 
when treated with concentrated sulphuric acid. 

If the olives cannot be worked at once, fermentation is prevented by storbig tliom in 
a cold, dry, and well- ventilated place. The fermentation (according to Tolomoi) is duo 
to on enzyme (oleaae) ocournng with the oil, which, in tho prosenco of air and light, it 
decolonaes ; if tho olease is removed by washing the oil with water, tho oil is not doooloiisod 
under the influence of hght. 

The exti'oction of olive oil is not always effected by rational processes and plant, 
^^269)^^^ olives are first crushed by means of the ordmary edgo-runners {aee Fig. 186, 



Fuller s earth 1^ been long used in Northern Africa for clarifying olive oil ; in Chicago 
1878, but its use was considerably extended subaeq uenUy 
to 1800. It co^ts of ahuninl^ and magnesium hydrosiUcatea, and is found in granular or 
powdepr deposits m Flonda also at Fraustadt, m Silesia. The decolorising action of this 
° f hy^atlon, the maximum effect being obtained if it is first lightly 

ro^d (at about 200 ), while if the roasting is corned too for so that all tho water of hydra-tion 
power IS entirely destroyed. The oil is shaken with 1 to 3 per cent 
of the ^rth, and the mwa heated for a short time at a tompei’ature (60’ to 100°) varying with 

passed to thp fijter-press, the first turbid portipiw of the filtratf 
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The pulp IS next placed in suitable bags of tenacious vegetable fibre or wool sun’oundod 
by lioisohair and tlieii pressed, the type of press employed varying widely with tho locality 
Tlio ring hydraulic press {aee Fig 276, p 485) and other forms, still further improved, give 
excellent results In some cases a moderate pressure is first employed, the result being oil 
of superfine quality (v\r{jin oil) The residues ore steeped in hot water and subjected to 
increased pressure. Repetition of this prooodnio, employing a still higher pressure, gives 
an industrial oil The cake from the second pressing may, howevei, bo agitated in a vnt 
through winch water flows , part of the remaming oil is thus removed, this being collected 
in a second vat, whore it undergoes protracted wasliing >vith water, yielding so-called 
waahed ml 

Tlio Kucss-Fiinaro process (lfl02), whioli results m an improved yield and a rcather 
extraction, consists m emulsifying each time with feebly alkabno aqueous solutions ^ 

The residual oakos (loiown lu Italy as aaiise), after being dned, still oontain 7 to 11 per 
cent of oil, which is nowadays oxtraoted in large works by moans of carbon disuljjhide, 
which givcv? the very gicon, so-called mlpliocarb(yih oil, almost aU of tins being used in tho 
manufacture of green soap for tho textile industrios ® This soap is sometimes called Mar- 
aeillea and is used especially for tho treatment of raw silk , m Franco, however, and 
to some extent in Italy, tins name is given to high-grade white soajj, mostly propoi’cd from 
copia and araohis oils. 

Pure olive oil is yellowish or, in some oases, almost colourless or slightly green The 
finer qualities taste but little , freshly pressed Puglia oil has a rather bittei’ and unpleasant 
taste (due to oainpheno, ciigenol, and other substances investigated by Canzoncri), which 
it gradually loses 

The comjwfniion of olive oil varies with tho district of origin and 'witli tho conditions 
of extraction, tho sohd glycerides fluotuatmg from 10 to 28 per cent (more especially 
palniitm) The liqmd glycerides, which occur to the extent of 70 to 90 per cent , were 
formerly thought to consist of triolein alone, but tho presence of luioleic acid (os much os 
6 per cent , this explaining tho high lodmo number of the oil) has now been proved, and 
there appears also to bo about 1 5 per cent of a nnxod glyceride and 0 2 to 1 5 por cent. 

^ A new process of extracting ohve oil proposed by Acapulco (1910-1911), and tested witli 
favourable results in tho experimental oil plant of tho Poitici Higher AgrioiUtural Wehool, is based 
on tho (lifforont surface tensions of tho two liquids (oil and water) wliloh are present in tho pulp 
of tho olive and have to bo separated, and hence on thoir different capillary behaviour towanls 
tlie vegetable tissues constituting the pulp. Tho surface tension of the oil is about one-lialf 
tiiat of the Avator, so that separation of tho tAVO liquids la easily attamed by oven slight 
dinunution of the pressuro below that of the atmosphere. Tho separation is also facihtatod 
by rlso of tonipoiaturo and by tho fact that tho water present has a oapillaiy ctonstant higher 
than that of the oil, so that it remama more stiongly adlioront to tho vegetable tWHUCSs 'L’ho 
osaential part of the maolvinory of this process — after the atones have been separated from tho 
pulp — consists of the ho -oalled filtering extractors, formed of superposed motulhe oylindors, iiisido 
Avhicli IS a metal filtonng oloili, an annular space commumoating with the vacuum pump being loft 
botwtion tho walls and tuo cloth, A stirrer fitted with vanes continually moves the mass of pid]) 
contamofl in the extractor «md spreads it in thin layers on tho liltoring cloth bo that the IkiuicI 
portion ih separated from tho pulp. By steam-heating tho extraction can ho (uirrii^d out at 
any temperature, Imt oven lu the cold tho exhaustion of the pulp is more complete than that 
obtained by the older systems, while m the hot it suruasses that i*oached by pressing tho “ sanso " 
m tho most poAVorful hydi-aulio presses It is said tliab the Acapulco proeoHs is moi’e economical 
than those previously used and that it lends itself to tho procluotion on a large scale of jiiire, 
slightly coloured oils of constant typo, but, as jrot, this process lias not boon subjected to docisivo 
commercial tests. 

» To distinguish mdphocarhon oil, which has a lower lodme number (77 to 80), from that 
obtained by pressure, Halphon’s tost may be employed. To 50 c.c. of tho oil Jieatod to 1 00° 
IB added 12 c « of oloohoho cauatio potash dilated with an equal volume of water, tho mlxtiiio 
being hoatod for 10 minutes at 110® and cooled to 100° , 200 o.o of hot water Is then added 
and tho liquid, after cooling, shaken with 200 o.o, of saturated sodium sulphate solution , 20 c.e. 
of 30 por cent copper sulphate is then added, and the liquid filtered. If tho flltiato is not green 
a little moro of the copper sulphate solution is added and tho liquid filtered again if necessary. 
6 0 . 0 . of silver nitrate solution (containing 1 vol of 1 per cent, aqueous silver mtrato solution 
and 6 vols. of glacial acetic acid) is then added to the liqmd, which is boiled, allowed to cool, 
supersaturated with ammoma and filtered, the filter being washed with dilute ammonia. If 
black silver sulphide remains on the filter, the presence of sulphooarbon oil (or impure, oruoiforous 
oils— oolza, mustard, etc — which cannot be detected otherwise) is certain. Ciisson (1900) 
has devised a simple test • 200 grma of the oil is vigorously shaken with 60 grms. of 90 per cent 
alcohol and then distilled on a water-bath, the distillate being oolleoted m a well-cooled flask 
containing a little alcoholic potash Sven traces of carbon disulphide thus yield potassium 
xanthate, which gives a yellow coloration or precipitate on addition of oloohoho oupHo acetate 
solutioru 
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of volatile acids, besides 0 7 to 1 0 per ocMit of non-saponifialdo Riibstancos (pli> tostiTul 
and, according to Sam, an oil not yet defined) It contains a vaiiablc (juantilv of fret' 
fatty acids, and Avhen inipuro roaddy bcooinos rancid If Ibo acid number e\ee<»(lH Ki 
{i,e , 8 1 per cent of acids calculated as oleic acid), it cannot bo uf(hI as nuieliinc oil, as it 
attacks metals 

Pure obve oil is used as a comestible and tho very pure and inoie liquid qualitu's for 
oiling clocks, while the other qualities are omployod in largo quaniitii's in the inauufactuie 
of soap, lubricants, bunnng oil, and Turkcy-ied oil 

The purity of the oil is conti oiled by various testa refciring to the constaiiis giMui in 
the Table on p 486, and by coi-taiu special tests. Olivo oils of certain oi igins givt‘ abnormal 
constants, eg , Algonaii and Moroccan oils have an iodine number of 1)8 and are Ksldeiu'd 
by nitric acid , pure Tuniaian olive oil gives the reaction for sesame oil (Villaveei-lna and 
Pabria’ test) but not the Bolliez reaction (test for sesamo oil with a sainnitcsl scilutlon <if 
resorcinol m benycno and nitiio acid) , tho e\traiieouH suhstauces of ^runisian oil whuh 
give tho Villavocchia and Palms test can bo removed by shaking the oil with hoi. water 
Detootioii of added sesamd ml is cffcHjtod by Tortelli and Ruggerrs mod ideal ion oi 
Baudoiiin’s teat on the fatty acids («cfl p 472), or more rapidly on the oil itself by im'ans of 
Villaveoclua and Fabria’ tost, taking care to dilute C o o of tho reaulting ri‘(l ueid liquid 
with four times its volume of distilled water and to shako tlio imxturo in a cylinder, and 
observing the lapse of tmio required for the disappearanoo of the red coloration. With avy 
pure ohve oil, if there is a coloration, this disappears wztlim five inmutes or, in e\ee]»tioiial 
oases, in eight minutes, whilst if sesaino oil (even only 3 per cent.) is jiresent tho colour will 
persist for 30 iiimiites (Zega and Todorovio, 1909) Tho preseiieo of cniinntifTd ail is indi- 
cated by the Halphoii reaction p. 470) or by Tortelli and lluggeri’s modification of 
Becchi’a reaction, which is carried out- on the liquid fatty acids in the following manner : 
20 0 c. of the suspected oil is hydrolysed with alcoholic potash in the onlinary way (wrr 
p. 468), tho aqueous solution of tho soap being neutralisod with aeelic aeiil and preeipitaf i‘d 
with lead acetate, the lead salt, separated liy filtration, is shaken with etliiT ami tlie 
filtered ethereal solution decomposed in a separating funnel by dilute hydrm*liloric acid. 
Tho ethereal layer is filtered and tlio other evaporated, and to 5 c e, of Iho rcHldiu* (liquid 
fatty acids) ^ are added 10 o.c. of 90 per cent alcohol and 1 o e. of 5 per cont. aqueous 
silver nitrato solution , if a black precipitate is thou formed on heating for soim^ time on 
a water-bath at 60° to 70°, tho presonoo of ootionsood oil is proved. In certain Hjiceial 
oases tho Bccchi reaction alone is insuflioientito indicate with eoriainty the proflt'neo of 
cottonseed oil. Traces of 7 mneral oiU in vogetablo oUs are detected by the formal ion of a 
yellowish red solution on addition of a benzene Holution of ooinmorcial picric acid (J?'. Hohulz, 
1908 , see Note, p, 488). To deieet fifth oh in vegetable oil, 100 drops of tho latter arc 
treated with a imxturo of ,3 o.c. of chloroform and 3 o o. of occtic acid, siifiiciimt hromiiio 
being then added to produce a persistent lirown coloration , after 10 minutoH^ ri'st tlio 
vessel is introduced into boiling water, when the liquid will rcinam liquid if tlio vogetublo 
oil IB puie, whilst insoluble bromo -compounds will separate if fish oil is present. With 
boiled oil, the metals are first oliminatod. Where tho oil has been coloured yellow with 
auramine, this is detected by boiling 1 o o. of the oil with 20 o.c. of S jicr cont. alcohoHo 
potash and a littlo zinc dust in a reflux apparatus, 20 o.c. of pure benzon(» and fiO c.o. of water 
being added after cooling ; tho bonzeno solution is evaporated and the residue taken uj) in 
glacial acetic diud, a blue coloration, becoming darker on heating, being formed if auramine 
is present.. Sanae oil or sulphooarbou oil, extracted from the coke or Tnaro by nioaiiH of 
carbon disulphide, has a dark green colour, and tho corresponding fatty acids have a rather 
low iodine number (as low as 76) and a somewhat higher melting-point than usual. 

Tho presence of arackU oil in olive oil is shown by the Tortelli and Ruggeri teat, which 
has been modified by 3rachini and Dorta (1910) as follows : 20 grms. of tho oil is saponified 
with alcoholic potash, tho alcohol being then expelled, tlio soap dissolved in water, tho fatty 
acids liberated by hot dilute sulphuno acid, and the oloor fused acids oollocted on a moist 
filter j they ore then washed with hot water and dissolved in 160 o.o. of pure, tepid acetone, 
water being subsequently added, drop by drop, until a turbidity is formed ; the liquid la 

^ Tho liquid, fatty acxda oan be separated, to a oonsiderable extent if not quantitatively, 
from tho solid ones by diaaolving the mixtures in light petroleum or, better, in aoetone and 
orystolliBing out almost all the aolid fatty acids by cooling to — 20° (Faohini and Borta, 1910). 
According to Twitchell (U S. Pat. 918,612, 1909) the hquid fatty acids are aeparated from tiie 
sohd ones by fusion with. 1 per cent, of allphatio sulpno-aoids, which render the hquid acids 
soluble even in water. 
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roiiclerod clctir by tbe addition of a few drops of acetone at 40° to 45° and then loft 
to crystallise In prcaonco of oraolus oil, oharootoriBtic shining crystals separate at 15° , 
after an hour these arc collected on a filter, washed with 10 c e of dilute aoetone (32 vols. 
water 08 vols aoetone) and examined for arachic and lifijiiocenc acids by the Tortelli 
and Ruggeri tost oue-lialf is dissolved in 100 o c. of 70 per cent alcohol, warmed slightly 
. and allowed to cool, separation of crystals indicating araclnchc acid (in -jit. 70° to 70°) with 
certainty. 

STATISTICS —The cultivation of the olive is widespread in Italy and Spam, the out- 
put of oil (tons) being os follows 

1907 1910 1914 1916 

Italy . . ‘200,540 124,610 100,560 200,200 

Spam . . . 306,415 108,510 207,705 207,115 

Owmg to the high price of coal dunng the European War, the old olive trees were 
largely burnt os fuel Por- 
tugal produces annually 
about 25,000 tons of olive 
oil, Algeria about 32,000 
tons, and Tunis about 
36,000 tons. The output 
and price vary with the 
season and with the de- 
mand. In some years the 
producers sell at £4 and m 
others at about £2 IO 5 per 
hectol , but durmg the 
European War far higher 
prices were obtomed 

CASTOR OIL is extrac- 
ted from the seeds of Eici- 
7iua conmuma (Fig. 286), a 
plant cultivated m India, 

Indo-Chma, Java, Italy, 

Mexico, California, Egypt, 

Algona, Turns, Paraguay, 

Argentine, Umted States, 

Spam, and Greece. The 
oval seeds are 10 to 16 mm. 
long, about 6 mm. broad, 
and rather fiat, and are 
oovorod with a brownish or 
marbled, shiiung, buttle 
skill ; when peeled they 
oontaiii 45 to 65 per cent, 
of oil The seeds oontain 
about 19 per cent of nitrogenous substanoos and an onzyiuo capable of hydrolysing tho fats 
into free fatty acids and glycerol (aee Soap). The husks of tho soods contain iioisonons suh- 
staiicos [ncin, ncinxn)^ which do not pass into tho oil, but tho presgud cake cannot bi» used 
os cattle food, and is employed as fertiliser, as it contains about 4 per cent, of assimilable 
organic nitrogen, 2 per cent, of P 2 O 5 and 1*12 per cent, of KjO, 

Tho oil was at one time extracted by pressing the ground seeds twice in tho dry state 
and then pressing the residue after steepuig m hot water. Nowadays, however, tliroo con- 
secutive pressings of the hot crushed seeds with moreasing pressures are employinl, modern 
hydrauho presses bemg used. This prooedure yields first a fairly pure pale 01 ], then one 
less pure, and finally a more highly coloured oil for secondary industrial purposes. One 
himdred kilos of the seeds yield 9 kilos of husks, 43 of residual cake (with 8 per cent, of 
oil), 20 to 26 of oil of the first, 6 to 8 of the second, and 4 to 6 of tho third pressing. The oil 
IS punfied by heatmg with an eq,ual volume of boiling water, which precipitates many 
protem and gummy substanees , it is decolorised by means of bone-blaok or by the ordinary 
processes given for taJlow. The mediomal oil is obtained by a first oold pressmg, and is then 
filtered in a vacuum to prevent rancidity. 



Pio 285 — liicinua coimmma Shoots with lloworfl, male 
below and female above. 


1, stamens ; 2, onthora, magnified ; 3, ovary with three stig- 
mata , 4, fruili half size ; 6 - 8 , sootious of fruit , 0-12, Boeds and 
sections thereof. 


U 
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The refined oil ib almost colourless or faintly yellow, and has a Ink'll specific gravity, 
considerable viscosity, and a peculiar, unpleasant taste and smell It forms an oxcelient 
purgative, the less pure qualities bemg used in the manufacture of snlplKy) innate, (^ee 
p 390) and of tianaparent soaps capable of retammg considerable quantities of water T1 
is used for softenmg leather and for making pegamoid. Its soap differs from others in not 
rendering water opalescent. 

Its specific gravity mostly lies between 0 961 and 0 964, and it freezes between — 12“^ and 
— 18°, and owing to its high viscosity even at high tempeiatures, its shght solubility in 
bename, and tho small amount of sohd residue left on combustion, it serves as an c.\cc'llont 
lubricant for high-speed engmes (for aeroplanes, etc ) 

Castor oil contains vanoua glycendea but is free from tnpalnutin Tnncinolein is hoIkI, 
and there appear to be glycerides of a nnnoleic acid and of a ricimaoleic and, also of a 
hydroxysteano acid (meltmg at 141° to 143°) and a dihydroxystearic acid (which explains 
the ohoractenstio high acetyl number of castor oil) 

The oil yields, besides ncinoleic acid, more or less highly polymenaed coinponiuls with 
less and loss marked acid characters {eg. ncimaoleio acid), these increasing in amount 
with tho age of the oil. 

Castor oil is strongly dextro-rotatory (24 to 26 sacchanmetnc degrees in a 20 mm. tube) 
Unlike other oils, it is soluble m all proportions m absolute alcohol, glacial acetic acid, or 
ether , at 16° it dissolves m 2 ports of 90 per cent alcohol or 4 parts of 84 poi cent alcohol, 
but is insoluble in hght petroleum or vasehne oil (which dissolve all other oils and fats) 
Hence, if a castor oil is insoluble in hght petroleum and gives a clear solution with 6 voIh. 
of 90 per oent alcohol, it may be regarded as pure The solubility relations are completely 
inverted if the oil is heated to 300° and 10 to 12 per oent of it distilled ; there then romains 
a product termed floncin, which solidifies at — 20°, is insoluble m alcohol, dissolves in all 
proportions m mmeral oil, and forms a stable emulsion with 6 parts of water A siniilar 
product IS also obtamed by heating castor oil to 200° m presence of 1 per coni of form- 
aldehyde , if heated with zme ohlonde solution, it thickens Tho potassium salt of tho 
thickened product, with water and formaldehyde, gives a dismfectant solution producing 
the same effects as lysoform or ozoform. 

The constants of castor oil are given m the Table on p 466 

LINSEED OIL is a drying oil, as it contains much linoleic and Imolenio acids {see 
pp 363 and 364), and when spread out in a thm layer on a sheet of gloss slowly forms a 
solid skm (varmah), this forming more rapidly with the boiled oiL 

Lmseed oil is extracted from the seeds (containing 36 per cent of oil) of lAnum imtatifi- 
which are converted into flour by the ordinary edge-runner mills and pressed hot 
in hydraulic presses. 

Lmseed is cultivated especially m the Baltic provmces of Russia, and also m Southern 
Russia, Eastern India, the Umted States, and the Argentine, and to a less extent in Egypt, 
Belgium and Italy, Linseed oil extracted by means of solvents contains more unsatiiratcd 
fatty acids and less volatile acids than tho expressed oil 

According to Fohnou (1903 and 1910), the fatty acids separated from linseed oil contain 
17 6 per cent, of oloic aoid, 30 per cent of hnohe acid, 38 per oent. of Imolenio and iso- 
imoleniG acids, 8 per cent of palmitic and ateano acids, all oorabmed with 4*2 per cent, 
of glyoerme and 0 6 per cent of non-saponifiable substances 

The purity of the oil is mdicated by means of the constants given m tho Table on p 466, 
especially by the lodme number and the refractive mdex, which, in the different qualities, 
vanes from 1 484 to 1 488 at 16° (or from 81 to 86 Zeiss at 26° or 87 to 91 Zeiss at 16°), 
whilst cottonseed oil gives no more than 1 477 and maize oil no more than 1'4766 at 16°. 

A good proportion of the oil is used m the form of boiled hnseed oil {see Note on next 
page), sinoe on boilmg it acquires drying properties espeoiaJly necessary to the vamishes 
prepared with the oiL 

The drying power may be determined by Lavache’s method. On a watch-glass is spread 
1 grm. of lead-powder (obtamed by immersmg a stnp of zinc m the solution of a lead salt 
and waahmg the precipitate with water, alcohol and ether, and drymg), on which 0*6 to ** 
0 7 grm of oil is allowed to fall slowly m drops, the whole bemg then weighed exactly and 
left at a moderate temperature in a well-lighted situation After 18 hours the weight 
begins to increase, the maximum moreaae (12 to 16 per oent ) being obtained within 
at moat three days (it then diminishes slightly). Other drying oils give th$ 
increases : wah/ut oil, 7 '9 per oent. ; poppyseed oil, 6 8 per oent j gatUmseed oil, 6 '9 
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cod-livcr oil, 7 4 per cent , tho leinaimng oils increase in weight only after the fourth or 
fifth day to a maximum of 2 9 per cent after seven days. The drying pi open ties ore deter- 
mined best and most rapidly by spreading a given weight of the boiled linseed oil on a 
definite aioa of glass (1 mgrm. per sc[. cm ) and leaving the latter in a horizontal position 
until tho oil IB no longer adhesive when pressed hghtly with the finger (the temporatiuo 
should always be noted) The drying power of an oil may be determined also from tho 
ozone number (Mohnari and Scansetti, 1910). 

In a 20mm tube, pure linseed oil gives a rotation of — 0 3® m the Lauroiit sacohanmoter 
at whilst other resm oils and sesame oil are dcxtro-rotatoiy. 

Lmsood oil is used mostly in tho inanufootuio of laca and vainialiesi^ mastios and lino- 

Oil Varnishes and Lacs are liquids which, when spiead out in a thin layer on an object, 
leave on diying a solid, shuung skin iiifloluble m other and watoi and almost impermeable, 
Vaimalies and lacs have Imaeed oil as a basis, and are often mixed with mineral or oi’gaiiio 
colouring-matteia Oil varmshos ore foimed from linseed oil rendered drying by disBolvmg 
small quantities of oertaiii minerals in tho hot Oil loos are obtained by adding to the almost 
boiling oil varnish (free from gummy mattoi) fused copal or othei’ resin, and (hluting with oil 
of tui'iientine at the moment of using all these new oompononts contribute to moreose tlie 
fixation of oxygon. 

Copal IS a roam derived from vanoua spooios of more oi less foasihsed plants The haider 
copals molt at temporatuiea up to 300 “and the softer ones at 100° They have spooifio gravities 
lying between 1 036 and 1 07, and they dissolve pai‘tially in other, alcohol, benzene, acoioiio 
or ohloioform, and almost completely, but slowly, m a mixture of alcohol and ether, they 
are insoluble m petroleum ether, fatty oils and oil of turpentine, but soluble in rubbersoed oil 
or copal oil (from the distillation of copal) To lender them soluble in linseed and other oils 
and 111 oil of turpentme, they aie heated for 0 to 10 hours at 300° to 320^, beat m presence 
of either steal ic aoid or tho fatty acids of huseed or castor oil Copal oonsists of rosm acids 
{trachylohe and isotutchylohc aaas), resens (copal resens), a bitter siibstanoo and an oasontial 
oil The acid number vanes from 80 to 160, the lodme number from 68 to 70, and tho aaponi- 
fioation number from 100 to 106 Before the European War oopal was sold at 32«. to lOOtf 
per cwt 

Crude linseed oil requires four to five days to dry in a thin layer, but the fixing of oxygen, 
that IS, tho drying, may be markedly aooolerated by the presence of small quantities of dissolved 
metals which act as catalysts 

At one time oil varnisn (boiled linseed oil) was prepared by lieatmg tho oil to 220° to 300° 
for two to three hours in presence of inimum, litharge, oi manganese dioxido (drycra) This 
procedure yielded daik varnishes (hoiUd varmahea), and was accompanied by danger from fire, 
the heating bomg carried out m open iron vessels furnished with stirrers and heated dirootly 
over the fire Nowadays tho dryer (0 1 to 0 26 per cent Mn or 0 6 per cent. Pb + 0 1 per cent. 
Mil IS aufhcient) is dissolved by heatmg at a far lower temperature (100° to 120° and host m 
a vacuum) for four or five hours (by indirect steam at 136° to 160°), it bomg added (when tho 
oil ceases frothuig) as manganese borate or, better, manganoso Imoloato oi resmate, and tlio 
mass stirred with compressed air , in this way, the ao-oallod cold varnxaliaa oio obtained. These « 
are paler varnishes wmoh dry in 0 to 8 hours, whilst tho others roquu'o os long os 24 hours 
It has been proposed to decolorise boiled lmsood oil with ultra-violet rays Tho drying is far 
more rapid in tho hot than in tho cold Prolonged boilmg of linseed oil without dryers increases 
not so much the dryuig properties os the oonsistonoy, certain components of tho oil being 
polymoiised and Imoxyn formed, and the iodme number consequently diminished (fl gr., from 
164 to 27) , those oils, thiokeuod at 296° to 340°, boar tho names Bick6l, /S'/awddZ, and htliographa a' 
vni Hiah, The action of oxygon during the drynig of varnislios seems to lead to tho decomposition 
of the glyuondoB of tho saturated acids aucf of oloio aoid with subsequent oomplete oxidation 
of tho glycerine and acids, the glyceride of hydroxyhnolio aoid (hydroxyhnoMn), insoluble in 
ether, being also formed as well os anhydrides and polymerised substanoea If 2 to 3 per cent, 
of pyridine, quinoline or other orgaiuo base is added to a linseed oil varnish, oraoking will not 
occur, evou after yoore (Gor. Pat. 239,289, 1008). 

In the manufacture of laca, a difhoult and important operation is tho fusion of tho oopal — 
previously prepared in lumps — m cylindrical or slightly conical, enamelled iron or aluminium 
vessels , these ore protected at tho bottom by on non or copper easing when heated by direct fire 
heat and are provided with a cover and chimney to carry ofi the noxious vapours, which are 
carefully condensed or burnt The temperature is closely watched by means of a thermometer 
immersed in the fused oopal (300° to 360°) It is nowadays regarded as preferable to heat with 
hot water under pressure (up to 300°) circulating m coils situate m the lower port of tlie boiler. 
Complete, uniform fusion occupies 3 to 4 hours (with a loss in weight of 16 to 30 per cent ), 
the Imaeed oil oontaming the dryer and heated to about 100° being then mixed in , if any turbidity 
appears, the mass is heated to 300° It is then allowed to cool to 160° to 200°, the addition of 
the oil of turpentme — ^whioh dissolvea the lac — and, if necessary, of the dryer, being then begun. 
The diluted is filtered under pressure and disohaiged mto smaller Tessels, m whum it is allowed 
to cool completely The addition of calcium salts of colophony renders the lao harder but more 
brittle. 

The copal is sometimes replaced by colophony and other resins, which are, however, readily 
saponifiable , a mixture of Japanese wood oil with resm and a little hme gives a good lao. Lacs 
ate Improved by prolonged storage (at least a year), lanseed oil for making lacs should be free 


* 
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Imuu The last, first prepared by Walton in 18G0 and improved by Parnacott and Tayloi, 
IS obtained by oxidismg (blowing) hot linseed oil, after addition of the dryer (see Note), for 
18 to 20 hours with liot an* until it thickens to linoxyn , about 30 per cent, of coloplioiiy la 
then added, the whole bomg converted into a paste with cork-dust at a temperature exceed- 
ing 100°. The mass swells and is compressed hot (140°) on a strong textile pioviously 
varnished to protect it from moisture, the whole bemg repeatedly pressed between hot 
rollers. It is finally dned for some weeks in suitable chambers at 30° to 35°, whcio it loses 
its smell and acquires elasticity and weight. It is coloured in the pasty condition '\\nth 
mmeral coloumig- matters According to Bitter (1911) hiioleum exerts a marked germi- 
cidal action. 

Lincmsta also is made from bnoxyn, a stream of air being passed through linseed oil at 
100° for some days until a dense mass is formed. This is mixed with white chalk and other 
pigments and cement, the mixture being spread and pressed on to strips of xiaper by means 

of hot rolls which impioss 
designs on to the surfoei' 
Linsood oil is used also 
for malcing soft, trans- 
parent soaps (ace later). 

The mean annual pro- 
duotionof linsootl 
throughout tho iv'orld in 
1907-1910 amounted to 
about 2,750,000 tons. 

WALNUT OIL— Tins 
IS a drying oil like linseed 
oil The fresh nuts arc 
freed from the outer green 
liusk and loft to dry for 
some weeks, after which 
they are stored in heaiis 
for 3 to 4 montliH ; 
this treatment inoreaBes 
the yield of oil and leads 
to the disappearance of 
tho milky juioo of tho 
nuts, which would bo 
difficult to separate from 
tho oil. After removal 
of the shell, tho dried nuts 
give 25 to 30 per coni, of 
fruit yielding 30 to 35 per 
cent of palo yellow, virgin 
oil in a first pressing in 
bagsm tho cold, and a further 16 to 20 per cent of greenish oil when the residual coke is 
broken, treated with hot water and pressed hot. The fresh virgin oil is sometimes used 
as a comestible, but it quickly turns ranoid and has a pronounood flavour ; it is used more 
commonly for hghtmg and as a drying oil for varnishes and for artists’ uso. 

It contams glyoendes of oleic, linoleio, linolenio, launo and myristio acitls and has tho 
specific gravity 0*926, iodine number 142 to 152, sapomfioation number 186 to 197, TortoUi 
thermo -oleometer reading 104°, Zeiss Jiutyro-refractomoter readmg 04 to 68 at 40°, melting- 
point of the fatty acids 16° to 20°. 

PALM OIL is extracted from the fruit of oertain varieties of palm (Elms guineenais 
and Elaia Tnelanococca, which grow in Weiatem and C^i/ral Africa and in America, and 
Aatrocaryum acuale and Aatrocaryum vulgaTSp growing m Guiana). The orange-brown 
frmt, of the size of walnuts, hangs m bunches ; each bunch weighs 10 to 20 kilos and eon- 
tains 1000 to 2000 fruits, and each plant yields, on the average, four bunches per annum. 



!Pio 286 — Oil palm (Elms guiiieerma) 

1, male flowers , 2 and 3, male flowers, magnified , 4, 
stamoiis , 6, fruit with three stigmata , 6, nut with three 
apertures at the top ; 7, section of the nut with the seed 
inside , 8, transverse section of the seed. 


from gimmy mators, whioh may be removed by filtration through Morida, earth (au p. 400 
I** softer lacs oontaon more than 60 per oent. and the harder ones leas 

than 50 per oent. of linseed oiL 


m 
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Tho pnlp uonsiitutcfl, according to tlie variety, 25 to 75 per cent of the fruit, winch contains 
a nut, and this a wluto seed also yielding an oil (^iolvi-nui ot pahn-kmiel oil . itee Fig 286) 

Tho extraction of the od in tho districts where the palm is giown is carried out in an 
UTational inannei, tho friut being sometimes heaped up until it putrefies and the oil then 
pressed out In other oases tho fruit is stored and compressed in excavations in clay sod, 
being left to putrefy until tho od sopaiates at tho surface In other places the fruit is 
fermented foi a inontli and then heated with water, so that tho pulp becomes detached 
from the stone and can thou bo heated and pressed ogam with water until the fused oil 
comes to the top and can bo decanted off In these ways more than one-half of tho od is 
lost, and machinery is now bemg introduced for detaclung and disintegrating tho pulp 
and for tho lational pressing of the latter. 

When freshly expressed, tho od has a buttoiy oousistenoy, an intense orange-yellow 
colour and a famt smell of violots , tho colour and odour persist in tho soap prepared from it. 
It can be decoloiised by hcatmg it when exposed to tho air and hglit, but this is effected 
best and moat rapidly by fusing and heating it untd it loses tho water remaining from 
any prohminary heating with water foi tho removal of impurities , this scpaiatos from 
the fused mass ui 24 hours After this it is mtroduced mto a metal vat or cylinder (Fig 287) 
provided with a cover and tube for carrying the gases to the chimney ; the fat is heated to 
120° to 130° by means of an mdireot steam coil, VP, and a vigorous and finely divided 
stream of oir passed tlu’ough tho od from a perforated tube, P In 3 to 4 hours’ 
decolorisation is complete; at the same tune the pleasant 
odour of the fat roinaina, although it is destroyed if the fat is 
decolorised by simple heatmg to 220° 

Chemical decolorisation is often employed, the oil (1000 
kdos), already punfied by treatment with water and by fusion, 
being heated m a boder to 60°, at which temperature 30 to 60 
kdos of commercial hydroohlonc acid and 8 to 10 kilos of 
potassium dioliromato dissolved m 18 to 20 litres of boilmg 
water are stinod m After 15 to 20 minutes, 1 to 2 kdos of 
sulphuric acid ore sometimes added, the stirring bemg con- 
tinued until the oil becomes limpid, stirring is then stopped^ 
and 70 to 80 kilos of boding water sprayed on the oil to wash 
it After staiidmg overmght, the water is decanted off, the 
acid sepal ated from below, and the od washed once or twice by 
boiling witli water 

Even when fresh it contams 12 per cent, of free fatty acids, 
and as it becomes older it decomposes spontaneously with _ L*. L 287 
increasing ease, separation of fatty acids (up to 66 per cent ) 

and glycermc — ^which can bo extracted with water — ^taking place Besides free palmitic 
acid, tho prmcijial components are the glycerides of oloio and palmitic acids, up to 1 per 
cent, of steanc acid, a little Imolio acid, and about 1 per cent, of heptadooylic acid, C17H34O2. 

The colouring-matter of palm oil admits of vanous oharaotonstio colour reactions . with 
Bulphurio acid, a bluish green coloration is obtamed, whilst mercurous nitrate colours it first 
canary-yellow, thou pale green, and finally straw-yellow. 

Palm od IS used 111 large quantities m the manufacture of soax^ and candles, its value 
being related to tho mcltmg-point of its fatty aoids. It is calculated that the palm oil 
placed on tho market (that is, exclusive of the large amounts consumed whore produced), 
amounts to 70,000 to 80,000 tons per annum. Before tho European War, tho price ■Varied 
with tho year from 20a. to 26a. per owt Tho beat qualities of pohn oil arc from Lagos ; then 
eorno those of Old Calabar, Bemu, and Accra , while among the more impure varieties are 
those from Gabun, Libena, and tho Camoroons. 

PALM-NUT OIL (or Palm-kemel Oil) is obtained by orushmg and then either prossmg 
m hydraulic presses or extracting witS solvents the stones contained m the fruit of tho 
West African palm (Plais guineenm) , freed from shell, the seed forms 9 to 26 per cent, of 
tho weight of tho fruit and contains 43 to 66 per cent, of fat, which is white or straw- 
coloured and free from fatty acids when fresh, although it turns rancid fairly easily m tlie 
air , it melts at 26° to 30°. 

It consists of about 16 to 26 per cent, of tnolem, 33 per cent of tnglyoendes of ateario, 
palmitic, and myristio acids, and about 46 to 66 per cent, of triglyoendes of laurio (m 
preponderance), oaprio, caprylio, and oaproio aoids. 
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It bears a great lesemblanoo to coconut oil, even in the property of its soaps of taking 
up large proportions of water — as much as 600 per cent (coconut soap up to 1200 pci 
cent.) — and of being somewhat soluble in solutions of salt The total quantity of paJiu 
luitfl placed on the market is about 1,126,000 tons 

COCONUT OIL (or Coconut Butter) is obtained from the coconuts yielded twice a year 
by the palms Cocos micifera and Cocos hutyyaceat which grow abundantly in Africa, Ceylon, 
Gocliin China, and the Indies 

The coconut is oval (Fig 288) and about 20 to 25 cm long and 12 to 16 cm broad , at 
IS covered with a fibrous mass, used for making matting, cord, and baskets, and with a 
hard, woody shell, 8 to 12 mm thick, which some time before maturation contains a 
sweetish, watery liquid {cocoji^d this subsequently disappearing and givmg place to 

a soft edible pulp The latter hardens m the air and is sold under the name of copra 



Fia 288 . — Oocoa nucifera 


1, flowers , 2, round female flower and two male flowers , 3, male flower ; 4, male flower, 
Bopamtod from leaves and calyx, magnified ; 6, female flower, separated from leaves anrl 
calyx, magnified , 6, fruit ; 7, some iii longitudinal seotion, the bony seed being siUToundod 
by a fibrous layer ; 8, the seed with one-half of the fibrous layer removed , 0, the bony seed 
with three onfiooa , 10, section of the inner seed with chamber filled with late.x , 11, lower 
portion of the liusk with' the embryo , 12, embryo 

(60 to 70 per oont. of oil) for the extraction of oil. At the place of production this is oamod 
out m a very primitive manner, but in European factories the dry pulp is ground, steeped 
in boilmg water and pressed, first cold and then hot 

The oil IS nowadays decolorised with bone-black or absorbent earths (magnesium hydro- 
Bihcates), and in tho white form thus obtained is used as a comestible (coconut butter , see 
Margarine), after the free acids have been remove^ with highly oonoentrated solutions of 
caustic soda and after the odorous constituents have been expelled by means of super- 
heated steam. The best form for use as food is the softer, almost liquid butter obtained by 
the first pressing in the cold Its digestibihty is equal to that of morgorme and butter. If 
it contains more than 2 per cent, of free fatty acids (expressed as oleic acid), it cannot bo 
used for food and then goes to the soap factory as mdustnal coconut oiL 

Its composition is variable, and of the unsaturated a(SidB it oontadns Only oleio aoid 
(about 10 per cent.), while glycerides of mynstio and launo adds are present m large quan- 
tities and those of caproio, oaprylio, and oaprlo adds to the extent of 2 to 3 per cent. 
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COTTONSEED OIL p 1. [ [; 

The pure fat coutiuns no free fatty acids, or at most traces, St, already been men- 
tioned that it gives a soap separable fiom solution only by very lat^q^iOJ ititiefl of 
it 18 , however, capable of absorbing as much as 10 to 12 times its own weight o|-watjpr^;^(l 
IS hence highly valuinl by soap maniifactuiei-s. It is used alone for cnlinj^iy purjKises ^nd 
foi mixing with niaigariue and adulterating cacao butter. 

Ill its analysis, attention is paid to the physical and cheimcal constants given in tho 
Table on p 4flb. 

A laigo ai*ea of the earth’s surface (about 1,400,000 hectares) is under coconut palms, 
winch in a good year would yield 900,000 tons of ooconut oiL 

VEGETABLE TALLOW (Chinese Tallow) is obtained by preasmg the fruit (separated 
more or less from the seeds) of titillingia sehijmi (ialUyw4rae), which grows in China, Iiido- 
Chiiia, etc. Pressing of the seeds (II per fruit) yields Mhngia <nl, which is to some 
extent drying (iodine number more than 105) The tallow, however, serves well for making 
soap and has an iodine number of about 1^0, but this vanes somewhat owing to vaiia- 
tiou of the amount of stilhngia oil picsont The tallow melts at 35“ to 44°, and is sold in 
40- to 50-kilo cakes wrajipod m straw. 

COTTONSEED OIL is obtained by pressing tho shellod, washed seeds of tho cotton 
plant {Qomjpmvi lierhaceim and hnrhadense cultivated in North Amenca, and Q rehgioauw, 
ImnnUntii and arhoreiim, cultivated m Egyjit, India, Chinn, Siam, oto ) Tho whole cotton- 
seed, with the husk, ooutnms 7 to 10 per cent, of water, 15 to 20 per cent of nilrogcnoiis 
Bubstonces, 18 to 22 per cent of oil, 16*to 23 per cent of oelliiloso, 24 to 30 per cent of non- 
iiitrogenouB extractive matter, and 3 6 to 4 5 per cent of asli ; tho decorticated seed eon- 
tains 28 to 38 per cent, of oil About 1 per cent, of down remains adherent to the hnsk 
(45 per cent, of tho weight of the seed), and tins ls separated to make cotton wool, iiajior, 
and lutrooellulose. 

The whole, or decorticated, seeds are gi'ound and the flour pressed at 100° in hydraulic 
liroflses in two or three stages. The pressed cake is used as fodder or as fertihaor, and con- 
tains 3 to 9 per cent of oil and 16 to 30 per cent, of nitrogenous matter if from tho whole 
seeds, or 8 to 20 per cent, of oil and 35 to 60 per cent of nitrogenous matter if fiom decor- 
ticated seeds 

The crude oil is redtbsh-brown (sulphuric acid produces a red coloration) and is deco- 
lorised by stiiTmg with 0 to 10 per cent of caustic soda solution of 10° to 16° B6. and pass- 
ing through it a vigoi'ous current of air, first m the cold (40 to 60 minutes) and then when 
heated to 60° to 66° by indirect steam It is then allowed to settle, and is afterwards 
washed with 10 per cent, of salt water (at 10° Bd. ) to remove the lost traces of soap, decanted 
off, and passed through filter-presses to obtain it clear and of a fine straw-yellow colour. 
It may bo blenched also by hoatmg it to 70° with 10 per cent of fuller’s earth and 1 per 
cent, of salt. The fatty acids separated from the glyoondos of cottonseed oil contain about 
20 jier cent of olcio acid, 47 per cent of Imoho acid (the oil in lionco partly drying), and 
about 24 per cent, of saturated fatty acids (palmitic and up to 3 per cent, of a hydroxy- 
acid), besides a small proportion of on aldehydio substance (to which Becchi’s reaction is 
duiO. It contains also 1 6 per cent, of a non-saponifiablo sulphur compound and appai’cntly 
a ch loro- compound. 

T'c*sts for the detection of cottonseed oil in other oils have alieady been desonbed 
(p 492), and the analysis of tho oil is oaiTiod out with reference to tho couatiuits given 
on p. 466. 

About two-thirds of all the cottonseed oil is used directly or indirectly (as adulterant) as 
food , tho remainder (second and third quohties) serves, with pahn oil and coconut oil, for 
making white soaps, although in some oases it gives rise, after some time, to yellowish spots. 

The total output of cottonseed should bo about double that of the cotton produootL 
The United States produced 0,997,000 tons of the seed m 1911 and 6,104,000 tons in 1912, 
the output of tho oil being 800,000 and 760,000 tons respectively in the two yeo^s. 

KAPOK OIL. This oil, obtained in 26 per cent, yield by pressing kapok seeds (fi’om 
Eriodendrum anfractuosumt growing m Java, East Africa, the Antilles, and Central America), 
exhibits shght drying properties and has the specific gravity 0 920, iodine number 96 to 
116, and saponification number 180 to 196 The crude oil has on acrid odour and a repul- 
sive taste, but the refined product is insipid and odourless and is used mostly for making 
soap. With Becohi’s reagent it gives an intense reddish-brown coloration, and with 
Halphen’s reagent a pale red colour. 

MAjiE OIL (m Amenca, Com Oil) is now prepared in large quantities in America and 
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Italy from maize germs, wliioli ore separated dimng grmding These germs contain 40 to 
50 per ooni of oil, and after heiug prcssaed hot leave an excellent caJio for cattle-food (5^^ to 
6s per owt.) Tlie dense oil has a lino golden yellow colour and a faint odour of maize, and 
serves well for aoap-making and for adulterating edible oils and linseed oil That obtained 
by extracting the dried grams from spirit manufacture (see p 182) is reddish brown, and is 
used for burning and as a liibiioant when mixed with olive and mmerol oils, but is not used 
alone, as it tends to resiuify As a di'ymg oil it has no great value. 

The fatty acids of the glycerides of maize oil are stearic and palmitic (4 to 25 per 
cont.)j oleio (about 40 per cent ), linoho and linolemo (about 46 per cent , so that the oil 
IS partly a drying one), and small proportions of araohic, hypogsDio, caproic, caprylic, and 
oaprio acids , the oil contains also about 1 2 per cent of lecithin and 1 4 per cent of non- 
sapomfiablo substances, mostly cholesterol, or, more precLsely, siiost&rol, identical 'Nvith that 
obtained from wheat and ryo. 

If in North America (Bhnois) alone the oil were extracted from tho germs of all the 
maize produced (about 6,000,000 tons — the world’s total production being over 7,500,000 
tons, 900,000 of this in Italy), more than 260,000 tons of the oil should be obtained, lint only 
about 40,000 tons of maize oil arc produced at the present time, about ono-holf of it being 
exported 

SESAM6 oil (Gingelly Oil, Teel Oil) is obtamed from the seeds of Sesamum indiciiw 

(brown, oval, flat seeds, 4 nun 
long, 2 mm broad, and Lmm. 
thick • Pig. 289) and of Bern- 
mmn orieniale (violoi-brown or 
block), tho latter giving ns 
much as 50 per cent, of oil 
when pressed once in tho cold 
and twice hot The first cul 
expressed serves as a food for 
250 millions of the inhabitants 
of India, whore tho area under 
sesamd exceeds ten millions 
of acres (z.e., 4,000,000 hec- 
tares). The exportation of 
sesam6 seeds from India 
amounts to about 120,000 tons 
annually, nearly all of this 
being clircoied to the Marseillt^ 
market, whonco other couuirieH 
are supphod. Tho Levant pro- 
duces about one-tenth os much 
as India, and a little is produced in Africa, China, and Japan. In Prance the aoBam6 oil 
industry is declining owing to the obstinate empinoism of the older manufacturers and to 
the almost prohibitive Customs duties of various countries, but more than 1000 truckloaclu 
of tho oil ore still exported per annum. 

Se3am6 caho (dork or pale), so largely used as cattle-food, has the composition : water, 
10 to 12 per cent. ; protein substances, 37 to 39 per cent. ; fat, 9 to 10*6 per cent. ; and 
ash, 9*6 per cent. 

Sesam6 oil has a golden-yellow colour, that from the Levant being the paler , it consists 
of glyoendea of steono, palmitic, oleio, and hnoho acids, 78 per cent, of the fatty acids 
bemg hquid with an iodine number of 140. The physical and chemical constants are given 
in the Table on p 466, and the oharaotenstio reactions for deteotmg it when mixed with 
other oils on p 492 It is dextro-rotatory (+ 0 8® to + 2 4°) 

The oharaotenstio reactions, eBpeoially the ooloiunetno ones, are duo to special com- 
ponents, such as Besamin , a he vo -rotatory alcohol, sesamol, CgeH^iO, JH^O, which gives 
Baudoum’s reaction (p, 472), and the methylene ether of hydroxyhydroquinone, 

Sesam^ oil is used m the manufacture of oleomargarine and soap and as burning oiL 

ARACHIS OIL (Earthnut Oil, Peanut Oil) is obtamed from the seeds of Ardohis hypor 
gcBdj cultivated as a herbaoeous annual m Afrioa (largely in Senegambia and in less degree in 
other parts), India, United States, J ava*, Sumatra, the Phihppmes, Japan, Pormosa, the Plate, 
Southern China, Indo-China, and to some extent m Spam, the south of France and Italy! 



Fig. 280. — Seaamwn indi(yu7nt with white seeds 


A and B, ripe’’ fruit aeon from tho front and aide , 
C, longitudinal section of fruit , D, transverse section of 
the fruit and four rows of soeda, aecds. All natural 
size. 
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Tho fruit, clovolopa m the ground and attached to the roots, and consists of a yellow 
fibrous husk coiitaiiung two seeds covered with a reddish-brown slan (Fig. 290) Senegal 
seeds contain about 14 per oout. of water, 48 per cent* of oil, 25 per cent of nitrogenous 
substances, 3 per cent of cellulose, and 2 per cent of ash , the African seeds contain up to 
60 per cent, of oil, the Indian 44 per cent , and the Amencan 42 per cent 

The toasted seeds, which are consumed as a fruit, readily turn rancid and acquire a 
ropidsivo flavour, and arc usually eaten immediately after toostmg Large quantities of 
the nuts prepared m this way are consumed m Amenoa, while considerable amounts are 
also ground, converted mto a paste and slightly salted (4 per cent ) to make peanut butter. 
Before the War the nuts wore sold m the husk at 10 a to 125 per o^vt. and the dehuslced nuts 
at IOa 

The ground, dehusked nuts yield about 30 per cent of oil at the first cold pressing, 7 to 



Fio. 200 . — Arachis liypogcea 

A, whole plant (one-third natural size) with fruit ; Bt fruit (throe-fourths natural size) ; 
o', fruit open, with one seed out , D, separate flower (double natural size). 

8 per cent at the second cold pressmg, and about 7 per cent at the third pressing when hot. 
Tho oil obtained by the first cold pressmg is almost colourless, has a shght flavour of beans, 
and is largely used as a comestible and for adulterating olive oil, although it readily turns 
rancid. Tho second pressing m tho cold gives burning oil, and the third, in tho hot, oil for 
Boap-maJdng. Araohis cake causes abortion m cattle Tho liquid components contam 
triolein and trilinoUin ; the presence of hypogseic acid is uncertain ; the aohd constituents 
are composed of triglycerides of lignocerio acid, and to a less extent of oracluc acid (6 per 
oent. of the oil). In ohve oil araohis oil is detected by Renard’s teat, as modified by Tortelli 
and Ruggen and by Faohini and Dorta {see p 492). 

COLZA OIL. This is obtamed by pressmg the seeds of Brassica campeatns which is 
grown m France, Belgium and G^ermany, although most of the seeds come from India. The 
seeds are reddish-yeUow and contain 6 to 7 per oent of water, 4 to 6 per oent. of ash, 6 to 
16 per oent. of cellulose, 19 to 22 per o&at, of nitrogenous substances, and 38 to 46 per cent. 
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of oil (the Indian aooda are the nolioat, but oontaiii also more smigiin and invioain, which 
give niiiatard oil with water, so that the coke is not utiliaable as cattle food) 

Tho rnvifion{ Braumca 7 Wpii,'i) yields the browiuali-yellow ravison od, witJi an unploiiHont 
taato and penetrating odour ; its colour and taste are impiOTod by rorming by ineaiiH of 
concentiated Hulphuiic acid, zino ohlondo, etc* Tho oil consists of glycerides of oloie, 
erucio, stearic and araohic aiids, witli 1 per cont. of phytosterol It is used for illuminating 
purposes, as it gives a biiglit, non-smoky flamo , it serves also for making soft soap and, 
when heated to a high temperature in a ciirreut of au, yields a viscous product (o\idist*d oil) 
Rubber sidwtitutcs are obtained by heating it with sulphur or sulphur chloride 

SOJA BEAN OIL (Chinese Bean. Oil) is extracted fioni the beans of Bojn hunpuhi (or 
8o^a japomca or PhasenluA hut-pulns), which are cultivated in China and Japan (Foiinosa) 
The criislicd beaus are heated in jiito bags over jots of steam and tJicn piessed A laige 
imit of tho oil IB used for soap-maJung. After purification by standing, the od has 1 be s]), 
gr 0’f)255 at 15“ , acidity, 0 , saponifioatioii number, 193 2 , iodine number, 135 , Hi‘linor 
number, 95 95 , Reichert- Moissl number, 0 45 ; Maumen4 iiumboi, 86 to 87 , indi‘\ of 
refraction, 1 4750 at 20“ , aohdification point, — 8° to — 10° , moltiug-point of tlie fatty 
acids, 27° ; and sohdifioation-pomt of the fatty acids, 22° (Oottingor and Jhickta, li)]l) 
The oxpoiiation of the oil from China ainoimts to 60,000 tons per annum 

GRAPESEED OIL. Tho seeds of the grape contain 10 to 20 per oent of oil (inoie 
111 white and sweet grapes) They are separate from tho skins by drying m the Him oi m 
ovens and then beating, the siin-driod seeds containing 10 to 12 per cent of wat(‘r, 9 to 12 
pe^ oent of carbohydrates, 10 to 11 per oent of mtiogenous matteis, and 2 5 to 4 jier cent, 
of ash The sieved seeds are dried completely, ground, steeped in 10 per cent of watei, 
heated, and pressed , tho oake is broken up, treated with 20 to 25 per cont. of water, and 
pressed again, this treatment bemg repeat^ so that all the od may bo oi^tracted Tho oil 
can also bo extracted by means of solvents (benzine or carbon disulplude) Wlnm dark- 
colouiod (extracted from the seeds of distilled marc or in tho hot witli snlveiilfl), it can be 
readily decolorised with animal-black or fuller’s earth It has not a very pleasant odoui 
and IS rather bitter (if expressed in tho hot) Pressure of the seeds yields 0 to 13 per cent, 
of od 

This od consists of glycerides mainly of linolio acid, together with thosi' of solid fatty 
acids (10 per cent ), and a little orucic, linolonio, and ncmoloic acids. It lias the sp gr 
0 9202 to 0 9360 

It has alight drying properties and solidifies between — 10° and — 15° , its saponification 
number is 178 to 180 ; iodine number, 130 to 140 , Wolliiy number, 1)46 , Mauinciio 
number, 62 to 64 , and butyro-refraotometer reading, 60 at 40°. Tho aootyl iiuinhor of the 
fatty acids vanes from 43 to 144, according to the extent of oxidation , it thus ri'scmblt^s 
castor od to some extent, so that it is recommended for the maiiufacturo of sidphoncinate 
(iicfl p. 390) 

Tho pure od expressed m tho cold is used as a food, and tho other vanoticw for soaji- 
making, but if punfied with sulphuric acidi t serves well os a lighting oil, not so much on 
account of its luminosity, which is rather low, but more especially becaust^ it gives a smoke- 
less fiamo. 

After tho removal of the fat, the cake contains 10 to 15 per cimt of water, 14 to 18 
par cent of protein substances, 6 to 18 per cent, of fat, and 6*5 to 7 per cent, of ash, and is 
used as cattle-food and also as a fuel. 

In Italy the extraction of grapesoed od is capable of ooiisidorable devt'lopmoiil. A 
few od-orushuig mills of Southern and Northern Italy treat a certain amount of tho 
seed. Seeds obtamed from distilled vmasse are of less value, as they yield an inferior, 
brown oil 

TOMATOSEED OIL. Dried tomato seeds ^ contain 18 to 22 per cent, of od, two -thirds 

^ Tomatces 01*0 tho fruit of a herbaceous plant {Sola7iu?ri lycojH*mcv77i) of I^onivian origin, 
and from 1700 to 1860 were cultivated m various countries os a garden plant for local domestic 
use Since 1860 they have been grown extensively In North Amenoa, especially in California, 
whore m 1011 15,000 tons were marketed, large quantities bemg exported to other countries 
m tho fresh condition In Italy also they are cultivated on a large scale. 

Piesh tomatoes coiitam 92 to 06 per oent of water, 1 to 3 per cent, of skin, 2 to 6 per cent 
of seeds, 0 9 per cent of nitrogenous compounds, 0 2 per cent of fat, 2 5 per cent ot sugars, 
0 8 per cent of cellulose, 0 6 per oent of ash, and 0 4 per cent of free acids (mostly oitrio). 

Concentrated torn-ato p-eaerve is prepared by rupturing th© fresh fruit, oentrifugmg and 
hydraulically pressing the mass, and oonoentrating the whole of the hquid in vacuum pane 



503 


SAPONIFICATION OF FATS 

of will oh IS oxtraoted by subjooting tho gi-ound seeds to a pressiiro of 300 to 400 atmos. 
Tho residual cake forms an oxoellont oattlo food (superior to Lnsoed oolce), as it contains 
30 to 38 per cent of proteins, 10 to 12 8 per cent, of fat, about 30 per cent of iioii-mtro- 
genous extractives, 8 to 10 per cent of water, 6 per cent of cellulose, and 5 per cent of ash 

The oil expressed m tho cold from sound seeds is straw-yellow, and witJi 20 per cent of 
tallow gives a good washing soap 

Analysis of tho oil gives the following results (Fachini) density at 16°, 0 0216 , refrac- 
tive index, 1 4765 , acid number, 0 46 , saponification number, 191 6 , locbne number, 
114 , iodine uiimbor of tho fatty acids, 122 7 ; iodine number of the liquid fatty acids, 
142 2 , Hehnor number, 03 8 , acetyl number, 20 4 

WOOD OIL (from Japan and China) is derived from the seeds of Aleurites cmdata 
Those contain as much as 63 per cent of oil with an odour like that of castoi oil and yield 
42 per cent when pressed cold , tho oil has tho specific gravity 0 930 to 0 043, and tho 
lodino number 166 to 100, and exhibits drying properties At 260° it seta to a solid, trans- 
parent, elastic mass, and it is used for making paint and for rendering wood and fabrics 
nnpormoablo. 

TREATMENT OF FATS FOR THE MANUFACTURE OF 
SOAP AND CANDLES 

Candles are mostly made from solid fatty acids {stearic and pahmtio) obtained by 
decomposing fats and oils into glycerine and fatty acids and pressing from the latter tho 
liquid fatty acids, which are used, either alone or together with tho solid acids, foi soap- 
making Liquid oils and soft fats, which oontam bttle ateaxio and palmitic acids, oio 
hence used not for candles but only for soap, but the stiffor fats are often treated in one 
and the same woi ks for makmg candles and soap 

The resolution of fata into acids and glycerine is carried out lu very varied ways • by 
means of lime, sidphuno acid, or superheated 
steam, or by biological or catalytic methods 

(1) Saponification with Lime and Separation of 
the Solid Jatty Acids Theoretically 100 kilos of 
fat {see p 467) require 9 6 kilos of hme for hydi*o- 
lyais, but when this process was first used industri- 
ally by MiUy in 1834 as much as 16 per cent, of 
hme was used, so that a very large amount of 
Biilphurio acid was consuiiied in liberating the 
fatty acids from tho calcium soaps formed, while 
fatty acids were carried down by the enormous 
quantities of calcium sulphate formed and hence 
lost 

On tins account the process was not used, but 
Milly showed later (1866) that, by heating m an 
autoclave under pressure instead of in open pans, 
the amomit of lime could bo reduced to 2 to 3 per 
cent. — that is, leas than the theoretical quantity — 
and yet practically complete saponification effected 
{see p. 467) Indeed, after one hour 64 per cent 
of tho fat remained iniflapomfiod , after two hours, 

24 per cent , after four hours, 16 per cent , 
after six hours, 9 per cent , after nine hours, 2 per cent. , and after 12 hours, 0-7 per cent. 

Tho saponification is now corned out in large vortical copper autoclaves (Fig. 291) 
(6 to 6 metres high, 1 to 1 2 metre in diameter, of sheet copper 16 to 20 mm. thiolc), into 
which ore passed several owts. (up to 2 tons) of the fused fat from the tank, A (Fig. 293), 

(see chapter on Sugar) until a red pulp or sauoe containing about 00 per cent, of water is obtained. 
This IS mixed with 2 to 3 per cent of salt and either bottled or soaled in cans after being sterilised 

at 100° 

The pressed resxduea, amounting to 7 to 9 per cent of tho weight of the original fruit, contain 
0 to 8 per cent, of skin, 22 to 24 per cent of seeds, and about 00 to 70 per cent of water, and 
readily putrefy Nowadays they are broken up immediately they come fronj the presses, and 
are tbea dned e-nd beaten while hot to separate the skins from the seeds, 
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and then about one-third as muoli milk of lime, containing 2 to 3 per cent of lime (eal- 
oulated on the fat), from tho vessel B The heating is continued for six to eiglit lioiirs at a 
prosBure of 8 to 10 atinos , steam freo from air being passed in, first at low prossuro from 
the boiler, Z), and then at high pressure (10 to 12 atmos.) by the tube, c (Fig 202), reatli- 
ing to the bottom of thoTiutoclavo and terminating in a perforated coil The steam alone 



keeps tho mass mixed without the special sturera formerly used, if tho precaution is takem 
of allowing a little steam to escape continually from a valve at tho top. At tho end of tho 
operation the steam is shut off, and when the temperature has fallen to 125^' to 130° (about 
3 6 atmos pressure) the intornol pressure is utilised to discharge first of all tho aqueous 
glycerine from below by opemng the valve, c, connected ’vvith a tube reaching to the bottom 
of the autoclave. In a similar manner the fused and subdivided calcium soap mixed with 
free fatty acids is forced into the tank, E, whore a further quantiiy of aqueous glycoriiio 
separates, or the calcium soap is passed directly to the load-hnod vessels, where it is 
decomposed by a sufficient quantity of aulpliuno acid to neutraliHo all tho limo added ^ 
After shaking, the g 3 rpsum is deposited and can be separated, and tho fatty acids, wliu li 
float, are washed several times with hot water, and then, if the fatty acids artptbatillod — 
as IS dono in certain factories where dork fats are treated — ^thoy am forced by a pump, f/, 



1 Durmg recent years several factories have replaced the lime by magnesm (calcined natural 
carbonate), which posseases various advantages when it is used m the proportion of 1'6 
to 2 per oent., a pressure of 4 to 5 atmos is i^ffioient to produce complete saponifioatibn, 
smoQ tho magnesium soap formed gradually emulsifies and ^ost dissolves in the remaining 
fat, which is thus easily resolved by the water and magnesia Then, too, decomposition of the 
magnesium soap with sulphuno acid, instead of giving an insoluble and useless salt (calcium 
sulphate, which always retains a httle fat), gives magnesium sulphate, which is soluble m water, 
readily separable by simple decantation and m some oases utilisable. For similar reasons, 
%inc owdfi is now used m some of the Itahan factories. Bottaro (1908) has suggested the use 
of sulphurous anhydride to decompose the oaldum soap from the autoclave. 
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cjoiitaui flolid cakoB, conaiating of a mixture of solid steano and palmitio acids and liquid 
oleic acid In order to separate the latter, the cakes are wrapped in woollen or camel hair or 
goat's hair cloths and arc then placed between metal plates and pressed, first in the cold 
with a presauro gradually increasing to 200 to 260 atmos A second pressmg at 40 , either 
in the same press or in a horizontal proas, results in the almost complete separation of 
the oleio acid, which, however, retains in solution a httle palmitic and stearic acids 
The latter acids are separated by cooling the oleic acid and, after some time, filtering or 
decanting olT the uhine (p 368), which is then put on the market or used for soap-making. 

The solid white cakes of steano and palmitic acids, freed from the dark edges, bear the 
tJommorcial name of atmnne, and melt at 66° to 66 6°. These are often melted agam, 
washed with warm water, poured into pans to solidify, and then pressed hot in hydrauho 
pi eases so os to remove the final portions of oleio acid , this product, known as double 
tilmnne, melts at 67 6° to 68° ^ 

T'ho solidification of the crude ooids, after hberation by sulphuno acid, is now effected 
more rapidly and moie perfectly by passing the fused acids at g (Figs 296 and 296) into a 
casing into winch dqis a largo, rotating, double-walled cylinder. Between the walls flows 
a non-eongoalmg solution like that from an loo machine {see Vol I , pp 269, 021), and the 
layer of fatty acid soliclifymg at the surface is detached by means of a scrapei , h, and falls 
into a cooled box, Fj oon- 


nuetod with the pump, P, and 
f iinotionmg as a filter-press. This 
proeeaa of the firm of Petit 
Freres has now been improved 
by replacing the oyhnder by a 
highly oooled toothed wheel In 
some cases, also, channelled 
oylmders arc used, whilst m 
others the liquid fatty acids are 
withdrawn from the cold pasty 
moss containing the mixture of 
liquid oleine and the stearme in 
small crystals, by immersing m 
the moss a rotating vortical 
cylinder formed of metallic 
gauze and covered with a well- 
fltrotohed cloth ; inside the 




cylinder the pressure is reduced Fig 296. 290. 

by nieaufl of a suction-pump, so . n i j? 

that tho liquid oleio acid is sucked m, while the steano acid is gradually scrape rora 

tho surface of the oylmder and pressed in a hydraulic press , , ^ i 

Messrs. Lanza Bros, of Turin, instead of separating the hqmd from the soLd fatty acids 
by moans of hydraulic presses, suggest emulsifying and dissol^g the liquid aoids wth 
solutions of Bulpho-oleio acid, so that they separate at the surface, while orystaJs of the 
solid fatty acids ooUeot underneath (Qer Pat. 191,238). The sulpho-oleio aoid M prepared 
by shaking 100 parts of oleio acid with 60 parts of sulphurio aoid of 66 Be. in o oo an 

then diluting with 4000 parts of water v 

Tho decomposition of fats by hme in an autoclave at not too high a presauro hw tlie 
advantage of giving tho fatty acids m a sufficiently clear condition to render distillation 
unnecessary ; the resulting glyoenne and steaadne are also clear ^ 

1 During recent years, industrial apphoation has been made 5 

Pat. 166,108, 1902), which is a To 

soap, and is attended by considerable saTing m tael, oaustio soda, wd plan . . , , 

is added the necessary quantity of lime (10 to 12 per oovered 

to four times its weight of water, the mass being well mixed, boiled ' oaloium 

and allowed to sta^ overnight By this means saponifioatmn is complete wifVi 

so^robto^ S oln^readlly around up m a mill Wh^ Jl^e 

a perforated bottom, the first portion of hot w^-water removes more^ dilute 

os a solution of 10 to 20 per cent oonoentration, while a second Sq!® 

giyoerine solution whioh is used for tbeOrst washing of the oaloium soap 
^en treated m the hot with sodium carbonate solutionB, t- 

oaloium carbonate, whioh require skilled manipulation for th^ r^nval of Imuurities. 

also, fui^on and treatment with hot water is employed for the complete re p 

This prdoest la tnOt applicable to the manufacture of soft soaps. 

yoL* n. ‘ 
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(2) Decomposition with Sulphuric Acid (proposed by Achord in 1777 and by Froiny m 
1 836) This method is now used more especially for very dark fats, which shoidd, however, 
be freed from impurities, dried by fusion at 120°, and decanted after long standing Tho 
fused fat is introduced into a double- waUed, lead-hned, copper or iron boiler fitted with a 
hood for oarrymg off tho sulphur dioxide which is always evolved According to tho natuic 
of the fat, it IS heated with 6 to 10 per cent of concentrated sulphuric acid at 1 20° for 
1 to 1| hours, steam bemg passed through the jacket and the moss kept mixed by 
a current of air passing through it. The operation is finished when a test portion, plaet'd 
on. a dark plate, crystallises on cooling , the moss is then passed into laige wooden vats and 
heated with water until the emulsion first formed is resolved into two layers, tho glyeorino 
below (this IS separated and freed from sulphuric acid by moans of lime) and the acids 
above The latter is subsequently boiled several times with water until the cxci'Rh of 
Bulplninc acid is removed, the sulphiinc ethers of oleic acid being decomposed with forma- 
tion of sohd hydroxystoano acid The resulting fatty acids are dark, since they retain m 
solution the impurities of the fat partially oarboniaed by the sulphuric acid , to puiify and 
whiten them, they are distilled with superheated steam, as described above {me also Fig 
293) , the first and last portions which distil are tho more highly coloured anti these are 
redistilled Hirzel (Ger Pat 172,224, 1906) has devised an arrangement for ooutmiious 
distillation, all that is required being a boiler of moderate size into which the crude fatty 
acids are run in a constant stream , the pure acids distil over, while the Uir lomammg at the 
bottom of the boiler is discharged. 

Redistillation of this tar gives a final residue of black steanne amounting to 

about 2 per cent of the fatty acids distilled. In some works tho fatty acids arc diHtilli‘(l 
ill a vacuum at a temperature not exceedmg 240°, higher temperatures than tins giving 
a coloured product , the acrolein and hydrocarbons given off are condensed 

The fatty acids obtained by distillation are separated into hqiud and solid by pressure 
in hydrauho presses, liqmd diatiiled oleine and white, sohd distiUed steanne hiding thus 
obtained This olemo always contains a little acrolein and hydrocarbons, as the crude 
fatty acids which are distilled invonably molude a small proportion of non-saponified 
neutral fat. On the other hand, distillation results m the formation of an morcoHod amount 
of sohd fatty acids (about 16 to 18 per cent ), since sulphuno acid converts oleic acid partly 
into tho oorrespondmg sulphuric ether, whioh ^uelds sohd hydrox3n3toario acid, m.-pfc. 84°, 
when boiled with water • 


C„H3, C0,H + H,SO, = 


C0,H 

O-SOjH 


/COoH /COjH. 


During the distillation with superheated steam, the hydroxyaieanc acid is transformed 
almost entirely into iso-oleio acid, m.-pt. 44° (fiCtf p. 369). It must, however, ho borne in 
mind that hydroxysteorio acid is not very good for making candles, as it aocumulatos in a 
fused state in the cup formed by tho burning candle round the wick ; further, when molted 
with stoario acid it tends to separate in layers uistead of giving a homogeneous mass. 

In order to obtaan a greater proportion of sohd fatty aoids, some works oombmo these 
two systems of saponifymg by moans of lime and ooid. The saponification is first carried 
out in autoclaves in the ordinary way, but not to completion, the acids and the remaining 
fat (4 to 6 per cent. ) bemg then separated by means of sulphuno acid ; the fatty acids 
and fat are dned and completely saponified with 2 to 2 6 per cent, of concentrated sulphuno 
acid at a temperature of 110° to 120° mamtamed for on hour. The resultmg fatty aoids 
are not distiUed but are simply washed with boilmg water, bemg thus rendered rich in 
solid hydroxysteano acid , this process also yields a much purer glyoenne. 

L. Fourmer (Fr Pat 262,263) has suggested a method of moreasing the amount of 
sohd fatty acids by effeotmg the sulphonation with concentrated sulphuno acid m a carbon 
disulphide solution of the fat, the reaction then proceeding immediately without heating.^ 

^ Transformation of Oleic Acid into Solid Fatty Aads For some years (about 
1877-1886) oleic aaid was comerted on on industnal scale m France and England (by the jwrooesB 
of Ohvier and PardisBon) into solid pcdmitic acid by utoJiflmg Varrentrapp’s reaction, according 
to which this change is almost quantitative on fusion with sohd oaustao potodi {see pp. 360 
and 369) • -f- 2KOH = CHg COoK -b CieH3]^0BK, but (h© greosiness and 

unpleasant odour of the candles obtained compared with those mode from Stearin©, tb,©cuo®^stby 
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(3) Hydrolysis by Hot Water under Pressure (proposed by Tilghmann in 1854, and 
improved by Pnco in England) is but little used owing to the low yields obtained and the 
very liigli pressures required. The fat, emulsified with water, is cnoulated in coils arranged 
in a fuinaoo so as to attain a temperature of 290° to 316° 

Dll cot distillation of fata with superheated steam and collection of the glycerine and 
fatty acids in the distillate always gives low yields. 

(4) The Biological or Enzymic Process has been applied mdustnally since 1902, os a 
result of the work of W Connstein, E Hoyer, and H Wartenburg, and is based on the 
observations of Polouze (1865), of Green ajid of Sigmund (1890) accorchng to which, when 
oily seeds ore pounded with water, fatty acids are gradually liberated by the action of 
lipolytic enzymoa [see p 134) It is found that the most active on/ymea are those of caator 
oil seeds (in which they occur to the extent of 70 parts per 1000 of fat), especially after 
rimioval of the oil, but hotter results aie now obtained by using aqueous emiilsions rich in 
enzymes [extract of castor oil seeiU\ but much poorer in proteins (which are harmful) and 
containing 60 per cent of water, 37 per cent of castor oil, and 3 per cent of proteins 
Other active seeds are, according t-o Fokin, those of Chelidomum tnajiis, Linaria purpurea t 
etc Wlien castor oil seeds are used, a milky emulsion is obtained by crushing the seeds m 
presence of the necessary amount of water (60 to 60 per oont ) and is decanted off roughly 
from the skins and treated with 0 06 per cent of oiietio acid (calculated on the weight of fat 
to ])G decomposed suhaequontly) Of the seeds or the enriched extract, 60 to 80 kilos are 
used per 1000 kilos of fat (the maximum for fats with the higher saponification number, 
although tallow reqmres the maximum amount and a temperature of 40°) To accelerate 
the decomposition, 0 16 to 0 20 per cent (on tho weight of fat) of manganese sulphate (ctc/i- 
vator) dissolved in a little hot water is added, and if the fat contains much protein or gummy 
matter, it la well to clarify ft by heating with ] por cent of sulphuric acid diluted with a 
little water , tho last traces of this acid are then removed by repeated and thorough washing 
with boiling water, os they would be doletenous to the reaction With liquid fats, the 
decomposition is carried out at 23° and with solid ones at 1° to 2° above the meltmg-pomt, 
provided however that this does not exceed 42°, since at 44° the enzymes no longer act m 
the desired direction , if necessary, fats with high melting-points are mixed vnth hquid oils ^ 

Tho piacticol working of the process is as follows [see Fig 297) A leaden coil a, 2i, for 
indirect steam and a tube, d, for the injection of air reach almost to the bottom of a lead- 
lined iron boiler, A, with a oomoal base ; discharge cocks, /, ore fitted to the boiler at the 

of distilling the resultant dork acid, and the diffloulty of ehmmatmg oil the acetic aoid, led to 
the abandonment of this process. Also de Wiide and ReychWs oa'ss for iransformniij oleine 
%nto ateanne by heating in an autoclave at 200° to 280° with 1 per cent of iodine or chlormo 
or bromine seems to have been given up in practice since 1890, the yield being less than 76 per 
cent, (tlie combined chlormo was eliminated ny heating under 8 to 10 atmoa. in prosoiioo of zinc 
dust or iron, and then decomposing tho metallic soap). 

The industrial transformation of oleto acid into solid elatdic acid by treatment with a little 
nitrous acid [aea p. 369) does not give satisfactory practical results, first booauso elaidio ooid is 
not a very good material for oandlo-making, and also because tho reaction is reversible and 
succeeds well only with fairly pure md fresh oleio aoid and not with tho commoi’oial acid (partly 
polymerised). Max v. Schmidt treats 10 parts of oleic acid with 1 of zmo chloride at 180^,^ then 
aooomposes tho zmo soap by boiling first with dilute HCl and aftorwai'ds with water, and finally 
distils the fatty aoi^, which can he separated into luiuid and sohd by means of hycbaulio presses 
By this prooesa Benedikt (1890) obtained 76*8 per cent, of atearolactone, (tho internal 

anhydride of y-hydroxyaleane acid, in.-pt 48°), I6’7 per oont of iso-oloio aoid, and 8 6 per oont. 
of other saturated acids. This methodf was applied m Auatna, hut was soon abandoned, as much 
of the oleine remains unaltered. 

K, Haiti, lun (Ger Pat. 148,062, 1003), m order to avoid the browning produced by the 
action of Bulphuno acid on the impurities of the oleio acid, does not treat tho oleine directly 
with oonoentrated sulphuna aoid (as had long been the custom ; see Shukoff, Cor. Pat. 160,798, 
1902), but first distils the oleio aoid lu steam and afterwards treats it with sulphuric acid of 
68° to 00° B6. (fi gf., at a temperature of 00° to 80° and using 1 mol of sulpliurio ooid per 1 mol 
of oleio aoid) ; the resulting fatty acids are then washed and deoolonsed by heating in open pans 
with 1 to 10 per cent of zmo dust at 100°, the zino soap bemg finally decomposed by hot dilute 
^droohlono aoid. W H Burton (US. Pai 772,129, 1904) uses a process similar to that of 
Ppunuer (see o^vfi), benzine or naphtha bemg employed as solvent and the sulphonio others 
being decomposed m solution by the direct action of steam ; the final product melts at 86° to 90°, 
but does not mix well wlfii paraffin wax, even when fusecL 

Nowadays, however, the industrial transformation of oleio into steano acid is effected solely 
by oatsJytio hydrogenation [see p 480). 

1 Dunlap and Gilbert (1011) found that, when oleio aoid is treated with glycerine m presence 
of defatted oastor od seeds and linseed, 26 per oent. of the oleio acid le transformed into glyoende 
m II da^s 


. 1 




33—2 



I 


' 508 ORGANIC CHEMISTRY 

1 

I bottom and at vanous heights The fat, and about 36 per cent of water heated to tlio , 

I desired temperature m B (see above) are introduced and are kept stured by ineaiiH of a 

current of air from the compressor, L, and the reservoir, W The castor oil seed extiaet, 

! mixed with 0 2 per cent of manganese sulphate and 0 06 per cent of acotio acid (on tlie 

weight of fat ; the reaction starts and proceeds well if the mass is faintly acid at first) 

' is then added, the whole bemg mixed for about 16 minutes so os to give a Jioinogoneous 

emulsion The vessel is then tightly covered so that the temperature may bo mamiainod, 

1 the mass bemg mixed from time to time to keep it emulsified After 24 to 36 houra, when 

, more than 90 per cent of the fat is decomposed, the mass is mixed and hoatod to 80° to 86°, 

< 0 2 to 0 3 per cent (of the weight of fat) of concentrated sulphuric acid (06° Bo ) diluted 

with one-half its weight of water bemg then added The whitish emulsion soon becomes 
' dork owing to the separation of the fused fatty acids, and wlion this occurs the lieating 

I and stirrmg are suspended and the moss left overmght The various taps are tlieii si‘t 

I in operation to separate the bottom layer of fairly concentrated glyoc'inno, the intei'mediato 

1 emulsified layer (3 to 4 per cent of the fatty Eicids, used for soap-maluiig) and the elt^ar 

I fused fatty acids which are boiled with water to free them from sulphuric acid Originally, 

j when the seeds were used instead of the extract, the resulting glycenne was very dark, aiul 

[ ' it was necessary to decolorise it with bone-black (nowadays it is as good as tliat given by 

I saponification with lime), while the mtermediate emulsified layer formed as much os 22 



cent of the total fatty acids (now only 2 to 4 per cent ) The aqueous ghjemne (mvoel imter) 
of the enzymic process is first concentrated to 10° B6 in open pons, the sulphuno acid being 
separated by means of banum carbonate m the hot. The banum suliihato is romovod by 
filter-pressmg and the filtered hqmd further concentrated in a multiplo-ofioct vacuum 
apparatus to 28° , a clear, brownish glycerme oontainmg only 0*2 to 0*4 per coni, of ash 

being thus obtamed- 

The biological process has spread rapidly durmg recent years, since the whole of the 
glycerme is readily recovered, while the fatty acids obtained are of far better quality than 
those prepared by decomposing the fat in autoclaves by means of lime, etc. The fatty 
acids from sulphocarbon ohve oil retain, however, their oharactenstio green colour, and 
those from palm oil their orange colour The fatty acids yielded by this process contain 
neither hydroxy-aoids, as do those obtained under pressure, nor c^oium soaps, and aro 
hence more suitable for the manufacture of either candles or soap (see later. Soap). 

(6) TwitcheU^s Catalytic Process. The decomposition is here analogous to that with 
sulphuno acid (which also, stnotly speaking, is catalytic), hut with TtoMidVs reagerit 
(benzenestearosulphonic acid or hydroxystea/rorM^^^ ester) it takes place far 

more readily, probably because this reagent dissolves m the fat more easily than does 
sulphuno acid The fats are first punfied by heating to 90° to 100° m a lead-lmed covered 
vat, A (Fig 298), with 1 6 to 2 per cent, of sulphuiio acid at 60° B6., direct steam being 
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pasBocl ill ao that when tlie acid is diaoharged after standing overnight it has tlie specific 
gravity 8° Be (for cottonseed or hnseed oil, 16° Be ) The purified fat is passed into 
other wooden vats, and B», provided with wooden covers, one half of which is removable ; 
it IS here mixed with 20 per cent of distilled or condensed water (from the tank H), the 
mixture being then boiled by direct steam and 0 5 to 0 16 per cent of the Twitoliell reagent 
added (the minimiiiu with pure fats and the maximum with highly impure third-grade fats) 
The current of steam is continued so that a homogeneous emulsion is rapidly obtained, and 
after being heated in tins way for 24 hours about 90 per cent of the fatty acids are hberated 
and the glycerine separated No more steam is then passed through the moss, but a slow 
jet IS kept flowing into the space between tlie surface of the hqmd and the cover to prevent 
the fatty acids from turning brovm during the subsequent operations owing to contact 
with the air In about an hour’s time, the emulsion breaks up and the fatty acids float ou 
the aqueous glyoorino , if the emulsion should not disappear, it is mixed gently for a few* 
momenta with 0 1 to 0 2 per cent, of sulphuric acid of 60° B6 and then loft The sweet 
water is dischargt^d througli the separator, S, mto the tanlc, G , it usually has^the spooifio 
gravity 5° B6 (16 per cent.) and forms 60 per cent of the weight of the fat, and if this is 
not the case, the quantity of distilled water added initially and the dryness of the steam 
employed are varied when further quantities of fat are treated The sweet water is 
neutralised with lime and oonoontrated in and and collected m Q {see p 221). For 
soap-makiiig the fatty acids, which are discharged mto and may bo used as they ore. 


but os a rule the saponification 
is completed by adding 10 per 
cent, of pure water and heating 
for 12 to 24 hours with dmoct 
steam, any small amount of omul- 
Bioii formed at the surface of the 
liquid by the steam bouig de- 
stroyed by the addition of a little 
siilphuno aoid. In this way, 97 to 
98 per cent, of the theoretioal 
amount of fatty acids is obtained 
Barium carbonate (1 port per 10 
parts of Twitcheirs reagent used, 
or more if sulphuric acid were 
added to destroy emulsion), mixed 
with a httle water, is now added, 
and the whole heated for 16 to 20 
minutes ; If the lower layer of 
water now has an acid reaction 



FiGt 298 


towards methyl orange, more 

barium carbonate must be added. The current of steam, both in and above the liquid, is 
now stopped, since after this the fatty acids are no longer turned brown by the air. ^ Tlio 
sweet water drawn off after clarification is very dilute and is used in place of water in tho 
treatment of further quantities of fat. After orystaUismg and pressing to separate tho 
solid from the liquid acids {see dbove\ tho fatty acids are now ready for converting Into 
soap and candles. In general they are less coloured os tho amount of Twitchell s roogonh 
used and the duration of its action are diminished. Good results are not obtained until 
after five or six operations, by which time the surface of tho wooden vessels ooEises to bo 


attacked 

Just as with tho preceding process, the use of the Twitchell process has spread oon- 
siderably in Amenoa and m Europe.^ The TwitoheU reagent cost, before tho War, about 
Ifl, M pea: kilo. A reagent, known as Kontakt, prepared in Petrograd m 1914, effects the 
scission of fats to the extent of 90 per cent, in 10 to 16 hours, and is honoe three times as 
active as Twitohell’s Reagent, It was obtained by sulphonatmg tho oyoho hydrocarbons 
(naphtheiiei&) of p^oleum. 


1 Thtpl^fo 
th^forbiStaie$iy 
IjL]the 

but 


I jiaotory usiiffi the biological or catalytic process is considerably less expensive 
while th^e is also a decided economy in the workmg expenses. 
Ifej^usts, the cost of working increases somewhat with the Twitchell process, 
I l^^yahtage owing to the less initial outlay required. 
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MANUFACTURE OF CANDLES.^ 

The pnme matenals for the manufacture of candles are the combustible fatty matter 
and the wick. 

A good candle should give a white light, should bum slowly, should not “ gutter ” 
or diffuse an unpleasant smell, should not be greasy to the touch, should be white and 
give a smokeless flame, and should not splutter, while the relation between the size of the 
wiek and that of the candle must be properly chosen 

The object of the wick is to feed the flame regularly with the melted material It is 
usually made of filaments (16 to 20) of pure cotton or hnen without knots Ammal fibres 
should be rejected, as they give an unpleasant smell and a fused carbonaceous moss which 
diminishes the lummosity Wicks formed of filaments which are only twisted require 
frequent snuffing, smee they do not bend on themselves and do not burn completely, 
whilst, if they aro^iZaiie^Z or woven and twisted, os Cambac6res proposed, this inconvonienoe 
IS overcome For ateorme candles obtamed by fusion, the wick is of twisted cotton braid, 
while for more readily fusible matenals (wax, tallow, etc ), more or less twisted wicks are 
used according as the candles are made by fusion or by comprossion Nowadays wicks are 
made with suitable machines like those used for kmttmg, those effecting also the twisting 
of the filaments. 

Wicks which Lave not been pickled do not act well for candles, as they leave a carbon- 
aceous residue which diminishes their capillary property In 1830, Milly found that the 
combustion of the wick is facihtated by steepmg it m a solution of bone or phosphoric acid, 
such treatment bemg, however, only of advantage with braided wioks. Many other 
substances have since been proposed for this purpose Thus, m France the wioks are im- 
mersed for three hours m a solution of 1 kdo of bone aoid m 60 litres of water, and arc then 
pressed, centrifuged, and dried , m some oases a trace of sulphuno acid is added to the bath 
In Russia the wick is left for 24 hours in a solution of sulphuric acid (60 grms per litre), 
squeezed, dried m hot air, steeped in a bath oontaimng 4 6 grms of bone acid and 18 gnns 
of anunomiun sulphate per htre of water, and then dned. Another solution givmg good 
results IS composed of 60 grms. of borax, 30 grms ElCll, 30 grms KNO3, 30 grms. NH3 and 
3 5 htres of water The borax renders the flame white. 

In general these products either mduoe a more ready oxidation (chlorates, nitrates) 
or melt the ash of the wick, which thus gradually falls by its own weight In some oaflos 
the penetration of the solution into the wiok is hastened by the addition of a httle alcohol 

If the candle is too large in comparison with the wiok, the excess of stcanne melts and 
forms a kind of cup with raised edges full of the fused stearme, which cannot be oompletoly 
absorbed by the wick and so makes the flame smaller , then, when the edges fall, the 
stearme overflows and produces guttenng. If, on the other hand, the wick is too largo, 


purposes a kmd of torch steeped in wax or 
hristian era was a distinction drawn between 


^ The ancient Romans used for : 
bitumen Only after the second century of the i 
wax candles and those of tallow , the use of the latter was regarded as a luxury, while wax 
candles were employed m churches The Catholic religion used them exclusively for religious 
functions, and thus caused a great morease m the consumption, which diminished only aft-er 
the spread of the Reformation Very soon, however, the consumption of wax candles again 
increased very considerably owmg to their extended use at the courts of kmgs and princes 
Meanwhile the employment of tallow candles for domestic purposes was continually spreading, 
and m the eighteenth century several important factories were working m England, but the 
candles produced were high m price and burned very qmokly Only after Chevreul’s work on 
the nature of fats m the early part of last century (after 1816) led to improvements in the 
saponification and to the preparation of sohd fatty acids was the rational manufacture of candles 
initiated Chsvreul himself, together with Gay-Lussac, patented m 1826 a process for preparing 
candles from steano acid, but the resulting mdustriol undertakings were soon abandoned, owmg 
to the difficulties encountered m the saponification and m Hie preparation of the wiok. It was 
only when Cambaodrea, in 1830, devia^ plaited and twisted wioks, and when MlUy, in 1834, 
mtroduoed saponification with hme and the subsequent decomposition of the calcium soap with 
sulphuric acid, that the manufacture was placed on a stable and remunerative basis MiUy’s 
first factory for stearme candles was ereot^ m Austria in 1837, and m 1840 one was started 
m Berlm and another in Pans Important improvements were mode in 1842 by saponifying 
the fata with sulphuno acid, and in 1864 by saponifying the fats and Hiirinibng aoiS 

with superheated water or steam (processes of Tilghmarqi, Berthelot, aodMels^) Almost 
immediately after this, however, the metnufactuxe of paralBn oj|ndles was started, pardf|n 
havmg been obtamed m large quantities by Youiig Q860) by the dry distillation m biWiinots 
coal (bochead, etc ), peat, ^e, lagmte, etc. f this mdustiy underwent further aft^ 

para&ilied bow ejeftaoted from p^olettm oqd 'o|o]^ehte (see pp 9^104), ^ 
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an nisufficiont quantity of wax ih melted and no oiip is formed to contain it, the candle 
l^nittorjii^' oontinnally from the sides and the flame boin^' less luminous. 

In 11)04 a patimt was filed for the manufacture of cvitijicial silk oandle-wioks, winch 
seem to give good results. 

Formation of the Candles The white bloclcs of stearic and paJmitic acids from the 
presses are sc^rajKHl at the snifaco and edges to remove adherent impurities The purer 
losidiio IS melted and shaken in a leaden vessel with sulphuno acid (3° B6.) to dissolve 
and separate the impuutios (iron, hairs from the press bags, etc ) ; the sulpliuno acid is 
tlien decanted off and the stearmo washed repeatedly with boilmg water to remove all 
trace of the mineral acid In some cases the fused fatty acids are shaken 
witli a little coagulated albumin. In cooling, [^the steorme tends to crystallise, 
tlie ri'sultant candles lieing then less hoinogonoous and more brittle At fii-st 
ai'senious aoid was used to prevent crystallisation, but, now that this is pro- 
Jnbited, tho stearmo is kept continually shaken until it almost solidifies when 
it is mtroduceil into tho moulds, and the candles then rapidly solidified It is 
often more convenient to add a little white wax or paraffin wax (2 to 10 per 
cent ), whieh also prevents crystalhsation of the stoanne 

'J'lic quality and purity of tho stearmo are ascertained by the usual teats, the 
neutral fat being determined by Qeitors test {see p. 4(58), tho paraffin wax, 
cerasin, eliolostorol, and oariiauba wax by the aapomfication number and by 
the non -saponifiable matter {see p, 468), and tho amount of oleic acid by the 
inelting-jioint (winch is fi6° to 66 6° for pure stearine jessed once and 67 6° to 
68° for (huhhf pressed steanne) and tho solidification point, making use of 
do tSohopper and Goiters Table ^ obtained by mixing sapoiufloation Btoarino, 
solidifying at 48°, with oleine having a solidifying point of 6 4°. 

Candles are made m three different ways . {!) by irmn&ision ; (2) by fusion ; ^ „qo 
and (3) by pressure. 

The first of these methods is tho oldest and is now almost entirely abandoned It 
was enqiloyed oiiginally for tallfJiv candles, and is now sometimes used to mask tlio presence 
of inferior fat or sttuinne, the wicks suspended from frames being first immersed in tho 
impure fused fat, while tho outer layora are obtained by dipping into a purer fat or fatty 
acid 

In C^hina considerable uso is still made of tallow candles of peculiar shape with a hole 
in tho imdclle. 

CkHam long tapers aro obtamod by pressure, the aoini-fusod wax oi stearmo and tho 
wick being forced through a tube 

Almost all candles aro now mado by fusion in highly perfected machines, which admit 
of a maxiiniim output being rapidly obtained with a nunimiim of labour Tho moulds, 
which an^ very smooth iiisido, liave tho shape of tho caudlos — with tho pomt<‘d end below 
and the enlarged base at tho top (Fig. 299)— and aro imperceptibly conical; they aro 
made of an alloy ooniposed of three parts of tin and I part of load For the fusion of a 
large number of candles at a time (100 or more) a machine is used similar to that shown 
in Fig. 300. The moulds of all tho candles pass through tho closed metallic box, E D, 
to the liottom and cover of which they aro screwed Tepid or cold water can bo passed 
at will through tho box at 1 or H, so as to surround the moulds Tho lower part of each 


Dfi Schepper and (ktieVs Table of the solidifyirty points of mixinrps of fatty adds , 


Tonippm- 
turfi of 
solid lf\ ca- 
tion 

Por cent 
of stuarino 
meltliiif 
at 

Tempora- 
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soUdlfloatlon 

Per (jout 
of atuarlne 
molting 
at 48® 

Tempera- 
ture of 
Botldlfloatloii 

Per cent 
of steal iQQ 
molting 

Tempora- 
tiirc of 
solldlAcntton 

Pni ooiit 
of Rtoarlno 
molting 
at 4R“ 

6 4® 

0 

16® 

7 7 

27“ 

21 7 

38® 

60*6 

6® 

0 3 

17® 
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mould oontaina a kind of small piston which has exactly the shape of the point of the 
oandle and can be made to traverse the whole length of the mould, bemg joined to an 
iron tube, B, fixed to a 


frame capable of being 
raised and lowered by the 
rack and pimon, O. All the 
pistons can be raised at 
once so as to force all the 
sohdified candles from the 
moulds In order that the 
wipk may be always in the 
middle of the oandle, it is 
wound on bobbins, A, and 
passes through the iron 
tube which raises the piston 
to the upper port of the 
mould. The semi-fused 
opalescent stearme, which 
is poured into the moulds 
kept by means of worm 
water (45° to 60°) at a 
temperature shghtly above 
the melting-point, is then 
cooled by passmg cold 
water round the moulds. 
When sohdifioation is com- 
plete, the enlarged bases 
at the top of the candles 
are out ofi by a knife and 
the candles forced out and 



> f I } ^ 


1 
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grasped by the rods, L. In rising, the candles unwmd from the bobbins new wicks 
which are thus brought mto the middle of the moulds ready for the next operation. 
When the second batch of candles is sohdified in the moulds, the wicks of the first batch 


are out so as to make way for the others to be removed from the moulds When shorter 
candles are required, the pistons are raised m the moulds to the desired height and the 

stearine then run in. 



The candles thus ob- 
tamed are bleached by 
arranging them vorti- 
oaJly on trucks in 
metal gauze frames and 
leaving them for somo 
days in the open air 
exposed to the action 
of the air, sunlight, and 
dew. 

After this, the 
candles are washed, 
polished, and sawn olf 


to a uniform length in 
a machine of the Binet 


type (Fig. 301). The 

candles are first dipped in a bath, F, containing soapy water or a dilute solution of soda, 
and are then placed m the grooves of the wheel, Af, the head bemg against the left-hand 
edge, while the bases are cut off by a small oiroular saw, n , the fragments drop on to the 
frame, and so into the box beneath. The candles f^ mto the grooves of "the travelling 
endless plane, TM', and are rubbed and polished by a brush, B, moVed ecoentncally from 
P , when they reach Af ' they fall mto the trough, M, The ^hed oendfes w fithmped 
automatically with the trade mark and are then tied and tapped up m packets of 12 or 
24 (or or 1 kilo) and placed m wooden boxes for iaranspott^ , , > » . , 
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Somo factonofl niako lighter, perforated candles, and some coloured candles or mixed 
candles containing wax or paraffin To remove the Bomitranaparenoy of paraffin candles 
and so make them roaemblo those of steanno, about 6 per cent of steanne and 6 per cent, 
of paraffin oil are added. The same oiTeot may bo obtamod with a small quantity of 
^-naphthol (Qer Pat 16/5,503) or any other subataiioo which dissolves the paraffin wax m 
the liot and deposits it m tho cold in a finely divided state {e.g , aohd fatty acids, amides, 
plioiiols, ketones, etc ) Mixed paraffin candles, contaimiig more than 30 per cont of 
paraffin wax, are now manufactured on a vast scale, wax of hagher molting-pomt bemg 
used and tho defects formerly encountered eliminated. 


MANUFACTURE OF SOAPi 

Theoretically soaps include all motallio salts of the higher fatty ncids, but 
practically the name is given only to salts of oleic, steanc, and palmitic acids, 
and, m gcmoral, of the fatty acids contained in natural oils and fats. Importance 
attaches mainly to the sodium soaps and, to a less extent, to those of potassium 
and auunouium It was at one time thought that soaps were composed largely 
of 'tmrQarw aoiA, but it has been shown that this acid does not occur m natural 
fats, tlie confusion arising from the fact that a mixture of palmitic and ateano 
acids was obtamed with a melting-point identical with that of synthetic 
margaric acid {see p 350), 

Almost m its entirety soap is used for washmg and for cleansmg and 
removing grease from textile fibres, sweaty garments, and the greasy, dirty 
epidermis of the human body, but it is sometimes employed as a subsidiary 
dresBmg in certam industrial operations, e g,, in the dyeing of silk and cotton, 
etc. 


Tho theory of tho saponification of fats bos already boon disoussod on p 467, and wo 
shall hero consider tho cleansing action of soaps It is well known that tlio quantity of fat 
or grease that a soap is able to remove from a dirty garment is greater by far than oorm- 
sponds with tlie amount of alkali hberated on dissolving tho soap in water. 

Bomg formed from weak acids, soap in dilute aqueous solution is undoubtedly partly 
hydrolysed into oaustio alkali and either aoid soaps m the cold or fatty aoids m tho hot. 


^ History of Soap. Soap was not known to tho ancient Hobrows and Pheomciana or to 
tho Cl reeks of the time of Homer, who washed their garments with tho ashos of plants and water, 
and by mechanical rubbings Some races used the juices of certain plants, and later it was 
diHOovorod that when ashes were heated with lime they gave nse to natronf which was much 
more offootivo than tho ashes themselves. Yet tho writers of the Bible, who arc certainly nob 
conscientious and exact historians, several times mention soap, and quote tho following sujipoHod 
phrase of the prophet Jeremiah (who would have hvod severfd centuries before the Ohristlau 
ora) ; “ Though thou wash thee with nitre [natron] and take thee much soap, yot thine iniquity 
is marked beiore me” Seneca and Pliny mention soap m their writings and attnbute its 
discovery to the Gauls, who prepared It from the ashes of plants and goats’ fat and used it as 
a hair-wosh and for medicinal purposes (lead plaster) It is said tliat Galon (second century 
of the Christian era) proposed the use of soap for washing In the excavations of Pompon has 
been found a complete soap factory with utensils and saponified material Momeilles dm a large 
trado m soap as early as the nmth century, but in tho eleventh century it had a serious rival for 
tho premier position m Savona. In the fifteenth century the industry ilonrlshed at Venice, 
and m the seventeenth at Genoa, which, together with Savona, Marseilles, and Alicante, enjoyod 
a monopoly m soap-making. In England the industry began to develop after 1650, ami in 
Germany it assumed considerable importanoe after Chevrours investigations on fats (1810-1823). 
With the development of the soda industry and increase of the trade in palm oil and coconut 
oil, the conditions in Germany smd, to some extent, in other countries favoured extension of 
soap-making. At the present time Marscillea, although portly surpassed by the largo EnglWi 
factories, sbul preserves its early fame, which, however, the ItaUan lootonea have lost Several 
times in the past the renown of Marseilles has, however, been dimmed owing to tho custom, 
even in the early days, of adulterating soap and of loading oertoin qualities of white soap with 
enormous quantities of water, This explains why, for several generations, the public preferred 
mottled soaps, which could not then be adulterated. It explains also the various laws 
promulgated in France against dishonest soap-makers, who in 1790 provoked a general protest 
of all thej^pulation and a petition to the deputi^ of the States-General from edl tiie laundresses 
of Marsdlles to jprotest “ agennst the aduUeratwn of white soap and against the malefactors who 
adnUerate # io^incire^se it$ we^W' It does not appear that tilings have changed greatly after 
the k^se 180 years, f or* ehioe the introdubtion of palm oil and coconut oil m 1^0, we consumer 
has always p^i^ ^Or a o<^4etable amQU|it of water in place of soap. 
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This can readily be shown by the opalescence of the dilute aqueous solutions and by the 
violet colour imparted to phenolphthalein by a perfectly neutral (z e , not yet dissoeialetl) 
aloohoho solution or highly concentrated aqueous solution of soap, after pouring into a 
large quantity of water If, then, part of the grease can be rendered soluble by the saponi- 
fying action of the alkah gradually hberated from the soap, another port is ceHainly can led 
away meohamcaUy by the emulaifyxivg action of the soap itself and of its fatty acids , 1 Ins 
action IS accompamed by the abundant production of lather, which, together with the 
water, mcorporates and removes all the grease with which it comes into contact. Ft is for 
this purpose — ^the formation of lather and emulsification of the grease — that rubbing ih 
necessary m the washmg of a garment with soapy water. A mere solution of caustio soda, 
even m excess, does not produce a detergent effect equal to that of soap 

Soap IS detergent when it dissolves in water, so that pure steaniie soaps {e r/., Hoaps 
from pure tallow) which are insoluble in the cold are detergent only iii the hot, wbcTcas 
soft soaps, consifltmg prmcipally of sodium oleate, coconut, or olive oil soaps, and Holublt' 
in cold water, are detergent even in the cold 

CastelEranco (1909) considers the detergent action to be duo partly to tho atTimty of 
neutral soaps to fats and fatty acids, this leading to the formation of acid soaps which yii'lil 
lather, and hence result m ready emulsion and removal of extraneous substanci^H. T'Iuih, 
if an object is smeared with a thick layer of soap, it is not easy to take it away with wati*r 
unless slight oihng is resorted to For instance, hands soiled with tar or mineral oil an* 
difficult to wash with soap and water, but if a httle ohve oil is first applied washing heijoincH 
easy 

According to Plateau and HiUger (1903) the detergent power, and hoiioo tho ready 
formation of lather, depend on the high surface viscosity of soap solutions. 

Spring (1910) found that soap exercises a detergent action even on substauooH which do 
not contain fat (e g , defatted lamp-black), smee these decompose tho soap, fonnmg nn non I 
soap which agglutmates with them by absorption Indeed, if an aqueous susjionHion of 
lamp-black is filtered, the paper is blackened owing to absorption of tho black by tho 
cellulose , on the other hand, a mixture of lamp-black with soap solution may bo llltoriMl 
without atainmg the paper, smoe the absorption compound of soap with lamp-black w 
more stable than that of cellulose with lamp-black. 

As regards the molecular condition of soap m its concentrated, non-dissociatod hoIu- 
tions, it appears demonstrated that it there exists in a colloidal condition, sinoo an incroaHo 
m the concentration is not accompamed by nae in the boihng-pomt, which aiiproximalt'H 
to that of water, while the electrical conductivity is minimal. According to MoBoin anil 
Taylor (1910), however, m highly concentrated solutions soap is apparently not a colloid, 
as it conducts the electric current 

The solubility m water of almost all soaps is diminished rapidly to th(i 
pomt of complete separation by the addition of soluble salts wnich do not 
decompose the soap, e g , NaCl, KOI, NajSOi, NH4CI, NajCOj, and even NaOII, 
etc .this action being due to a change in the density of the solution and in its 
degree of dissociation This phenomenon ib the basis of the saUing-onl or 
grmning of soap during its manufacture, but it must be noted that if the fats 
or fatty acids used in. the making of the soap contain hydfoxy-ctcidSf these are 
almost entirely lost, as they are not separated as insoluble soaps by salting out, 
and mostly pass into the spent lye Hence account is now taken of the pro- 
portion of fatty hydroxy-acidfl (less soluble in henzme than ordinary fats or 
tatty acids) present in fatty matenals. 

Sodium soaps are more stable than those of potassium or ammonium, since 
sodium salts displace potassium or ammonium from thei r soaps with 

formation of sodium soaps 

Alkah soaps are precipitated by the soluble salts of the alkaline earths and 
heavy metals m the form of insoluble metallic soaps. Strong acids separate 
the weaker fatty acids from soaps 

The alkaline soaps are usually soluble m alcohol and insoluble in ether, 
beimne, or bennene Evaporation of the alcoholic solution yields a trana- 
farmt soap 

Saponification of fats is accompamed by mcrease in weight) eaoji molecule 
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of S^y<3eride that decomposes fixing 3 molecules of alkali or water A fat 
^oTit-ainiug a mixture of glycerides with a mean molecular weight of 880, m 
vertcting with 120 of NaOH (3 inols or about 13 6 NaOH per 100 of fat), gives 
93 of glycerine and 908 of water-free soap So that theoretically 100 kilos 
of fat can produce about 10*5 kilos of glycerine and 102 of soap , in practice 
iiboiit 1 *5 to 2 kilos of glycerine is lost, while 140 to 160 kilos of soap, contam- 
iixg a considerable amount of water is obtained Potash soaps are softer than 
of Hoda, and soaps of liquid fatty acids softer than those of solid fatty 


^^oap may be made either from the fatty acids obtained from fats by the methods 
clestsribod above, or from the fats themselves In the former cose the saponification is 
t»(Lrrio<l oxit mainly by sodium carbonate, and is completed (amoe with the carbonate it 
])rocjooclH only to the extent of about 1)0 poi cent ) by caustio soda, but m the latter case 
coiioeiitratod solutions of caustic soda in the hot are employed , the carbonate is, mdeed, 
iina-blo to resolve glycendos, and that amount of it which always occurs m the caustic 
jxllcctli Ih lost dming the subsequent opoiations of salting-out, etc 

Mention has already been made {see p 467) of tlio process of decomposing fats in an 
ftuboclave by means of ammonia and sodium chloride, which was studied by Leuohs (1869), 
"Vyitolw (1876), Bmsine (1883), and Polony (1882), and improved by Garelli, Barb6, and 
do I?aoli (Gor. Pat 209,637, 1906) This process loads directly to the sodium soap with 
fo^ination of ammonium cliloride, from which the ammonia may bo recovered in the usual 
way, and, according to the above patent, gradual decomposition of the ammoma by means 
of Btoain results m a considerable separation of the solid Jatty acids from the bquid ones, 
•tho ammonia soaps of the former being the first to decompose. Such separation can be 
<^ffeoted also by cold water, winch dissolves the ammonia soaps of the hqmd fatty acids 
(oleatea) almost exclusively {see also p 467, and Note, p. 492). 

In. tho manufacture of soaps from fats or oils, various stages ore to be distinguished 
( 1 ) mixing or pasting of the fat with the alkahiie lye , (2) mixing m tho hot to form the 
Boap and separate it partially from tho excess of water ; (3) salting-out (or “ grainmg ” or 
oxxbting the pan ”) to render the soap insoluble and separate it from the lye, which thus 
collects under the layer of soap ; (4) hoihng to saponify the last traces of fat, to ehminato 
-tho scum and the excess of water still romoimng in the soap and to collect the latter mto a 
jierfootly homogeneous, curdy mass , (6) the soap is often subjected to e, finishing process, 
■thELti is, a final treatment with dilute alkali hydroxide or carbonate solution, m order to 
Bcparato the more thoroughly the residual Impuntios (alummium or iron soaps) and so 
avoid, a partial motthng, and to give to the soap, first, the quantity of water necessary to 
tho particular type, and, secondly, a still more homogeneous appearance.^ 

A well-finished soap contains 36 to 40 per cent of water and only 0 20 to 0*36 per cent, 
of Barit and free alkali together When excess of free caustic soda reinams in the soap, con- 
wider able efflorescence, due to formation of sodium carbonate by tho carbon dioxide m the 
a-ir, occurs at tlie surface during the subsequent drying. In order to avoid such a senous 
inconvonienoe, it is necessary to treat repeatedly with sodium carbonate solutions, because, 
oven if a little of the latter is left in the soap, only a alight powder forma at the surface on 


^ Finishing is best effected when the soap contains a certain proportion of water, namely, 
10 mole, of water (40 6 per cent.) per 1 mol. of sodium oleate, or 16 mols. (48 6 per oent ) per mol, 
of sodium stearate li the soap is more concentrated than this, it remains too viscous and 
opposes too great a resistanoe to the precipitation of the impurities and of the drops of sahne 
and. oauatio solutions j but if, in the nnismng, the necessary quantity of water is restored (by 
adjusting the concentration of the lye), a small part of the soap dissolves, the mass becomes 
:moro liquid and, on standing, the unpurities ore able to fall to the bottom the more readily. 
iSoaps wmoh are too insoluble in the salt solution or caustic lye (colza, sesam^, linseed, poppyseed, 
oto. ) can. be finished only when mixed with readily soluble soaps (coconut, castor, etc ) On 
tho other hand, it is necessary to prevent the soap taking up too much water, for, if this happens, 
it pa.BteB together and adheres to the aides of tne pan, does not transmit heat readily to tho 
interior and hence boils with difficulty, is not easily finished and becomes uneven Agitation 
of t.H.e mass and the consequent molusion of a considerable amount of air are to be avoided, 
the finishing being retarded thereby When the finishing is complete and the mass has been 
O/Uowed to ^and, a slight frothy layer is observed at the surface and then comes the thick layer 
of p-ure, homogeneous soap, well separated from the lye , above this is a small, irregular, and 
K^la^tinouB layer oomposea of more soluble soe^ps (of hydroxy-aoids) of oaloium, magnesium, 
^nd iron, ahd 0f certain other impurities insoluble m the lye (oolouimg-matters, coagulated 
jjro-teinB, eM ^ is fiiii? mass wfooh fPTOS the refuse, 
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drying and this can be readily elmunatcd. In some cases, a small proportion of a iion- 
aaponifiablo fat (e g , wool fat) or oven of a dense mineral oil is added to the soa}), the oanstio 
soda bomg thereby preserved from direct contact with the air 

At one time the coppers used for soap-making were largely made of masonry, but nowa- 
days they are almost umversally of iron and aro heated either by fire or by direct or indirect 



I’m 302 Eig. 302a 


steam, as is shown in Figs 302, 302a, 303, 303a. Small coppers hold 10 to 50 Jicotola and 
large ones 100 to 400. 

For every 100 kilos of fat to bo saponified, a copper- volume of 500 litres is taken 
In most soap-works the mixing is done by wooden blades worked by hand, although 
coppers are made fitted with stirrers of various forms 

The saponification of 100 kilos of fat or oil requires theoretically about 130 kilos of 



NaOH, but praotioaJly rather more than this amount is used. TaUmv soap is made in the 
following manner : The tallow is mixed and gently heated in the copper with about one- 
fourth of the necessary amount of oaustio soda in the form of a soluticai of 10® B^. FHrst 
of aU an emulsion is formed and then saponification gradually proteeds, the Tnffl Bs beghis 
to become tomogeaeoua and to boil gently and the volume to htcreoee aUghthr. Wh«nL a 
little is removed on the blade, it forms a jeUy which doe? aot s^paiatw W and ito 
soap-boiler judges of the fixation of the edkali by observing Wh&i the 'tibe 

alkah disappeais. Much of the fat remaius tuisaponlfi.ed, Sothat 
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of 12° to 14° Bo IS gradually added until the stirred, boiling mass thickens, becomes clear 
and homogeneous, and falls from the spatula lu transparent ribbons. At this stage, in 
order to judge if the alkah has been added m the proper proportion, a little of the soap is 
liourod on to a glass plate , if a solid white edge &?st forms round the drop of soap, while 
the interior of the mass remains transparent until solidiiioation is almost complete, the whole 
of the fat IS saponiiied and theio is no excess of alkali If, however, the edge immediately 
liiriis greyish and the mass turbid, non-sapomfied fat is present and alltah lacking, whereas, 
if tlio whole mass becomes covered with a whitish peUiole without previous fonnation of a 
solid edge, excess of alkali is present, this being corrected by adding a httle fused tallow 
to the mass in the copper Thus treated, the gluey paste, which has a shghtly caustic 
taste, is boiled more strongly until it loses sufficient water to form a homogouoouB ropy 
paste on the mixing-blade 

At tins stage the separation of the soap from the hquid is induced by the gradual 
addition of salt either m the solid state (4 to 8 pei cent of the weight of fat) or in con- 
ooiitrated solution (20° to 22° B6 ). Tho first addition of salt renders the mass more fluid, 
while sucooBsivo additions cause sepaiation of the soap, wluch finally floats on the lye, 
tho latter bomg drawn off after some hours by means of either a tap or a siphon When 
liard water is used, a little sodium oarbonato is always added to the salt 

Tho residual lye should have not a caustio, but a brackish and somewhat sweet taste 
owmg to the glycerine present, and its density should be at least 7° to 8° B6 (for soaps 
from coconut, palm-kernel, oxidised oils, etc , 16° to 24° B6 ) If too httle salt has been 
added, tho lye will retain dissolved soap, and tho separation of tho latter will not be sharp, 
since between it and the lye will be formed a third layer oonsistmg of an irregular, 
golatmous moss which increases tho waste and dinmushos the yield. With too much salt, 
the soapy mass separates rapidly and m large clots which retain the lye, but if tho operation 
has been properly earned out, the soap adheres to the mixer m soft floooulent mosses 
wluch, when squeezed between the fingers, are moderately stiff, do not exude liquid and 
give a hard and dry, not a sticky, flake. 

When treated repeatedly with salt solution, some soaps lose port of their combined 
alkah owmg to tho readmess with whioh they dissociate ; in such oases a httle caustic 
soda IB added to tho salt. 

The soap is then subjected to the boiling process (in some oases this is preceded by a 
further heating with weak alkah of 4° to 6° B6. and a little salt, the subnatant lye bomg 
decanted after a time). This consists in oovenng tho copper, boihng vigorously, and, if 
nooessary, stirrmg to prevent the frothing mass from overflowing By this means tho 
small quantity of residual lye is concentrated and hence separates more easily, while tho 
soap gradually becomes denser owing to the loss of nearly the whole of tho water (only 
16 to 36 per cent, being left). The bubbles at the surface gradually increase in size and 
then disappear completely, while large bubbles of steam form at tho bottom of the copper, 
force thoir way noisily through the mass and produce largo puffs at tho surface The 
heat (fire or steam) is then very soon stopped, A little of the soap pressed between tho 
thumb and the palm of the hand then forms a dry, soft, waxy paste, but docs not stick. 

Tho soap oould next be moulded, but it is often subjected to ajitiiahing process {see 
(il)ove)f tliluto caustic soda (3° to 0® BA, or hot water alone if the soap has been treated 
originally with excess of alkah, or veiy dilute sodium carbonate) bomg gradually added 
to the soap in the boiler, the moss being heated and gently stirred until it becomes more 
liquid, loss granular and perfectly uniform The copper is next covered and loft for a 
day, the soap being then transferred to the moulds or coohng frames. To obtain wluto 
soap, an addition of 0 2 to 0*3 per cent, of sodium hydroaulphite is sometimes mode to the 
mass before discharging. 

As a rule, soaps are made not from pure tallow*, but from mixtures of various fats and 
oils, e,g,, palm oil, olive oil, oleme, etc . ; m such oases the concentration of the caustic 
soda must be varied, ohve oil soap, for example, requiring lye of 26® to 28° B6., which 
sometimes renders salting-out unnecessary. 

At one time Marseilles soa^s were prepared from ohve oil alone, very dilute lye bomg 
first used and then more and more concentrated ones, but nowadays cottonseed, araohis, 
coconut, palm-kernel oils, etc., are generally added, the processes employed, whether 
for white or for Marseilles mottled soap, being those used for other soaps. 

SOAPS FROM FATTY ACIDS or OLEINE. Oleine, elaine, or commercial oleio acid 
jEorms a more or less dense liquid with a colour varying from pale yellow to dark brown. 
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Less highly ooloured is the oleine obtained by aaponihoation of i)iiie fain iii aiiLu lines 
and separation from the atoaniio by pressing {oleine, aj sapomfiCAiliun) or by 
catalytic decomposition {catalytic oleine), \vliilst that obtained from iinpuie fats (bout' 
fat, etc ) or by means of sulphuric acid is gcnorally darker and is fleparaU‘d aftei distillation 
of the fatty acids {dishlUiiion oleine) If an oleine contains more than .'1 jii'i cent of non- 
saponifiablo substances, it is certainly distillation olciiio (1 to 1) per cent ), but a less coiiti'iit 
than this does not necessanly mdicato oloino of sapomfioatioii smee llie niod(‘i'ii imdhodH 
of exact distillation yield oleines almost froo from noii-saponiliablo mattci 

Oleine always oontoins small quantities of neutral fats and, more especially, of soliil 
fatty acids (6 to 20 per cent palmitic, steano, etc ), but its iodine nuuiber should bi* b('tA\i*t*n 
76 and 86, and its acid number at least 17U (about 90 per cent of fatty acids, (‘\pr(*ssc(l 
08 oleio acid) 

Saponification oleine was at one tinio sold at a rather lower priee tluiii tallow, and dis- 
tillation oleine at a still lower price (before the War at £24 to £28 per ton). Mesides for soiip- 
inakmg it is used for troatmg wool which is to be carded or oombod. 

Pure oleic acid and its properties have already boon cousidorod on p. JlfiS 

The manufacture of soap from fatty acids («cc pp, 606 ei mj ), althoiigli it ghes no 
glycerine, la economical in various ways , thus, it allows of a niori^ rajud Ha}K>niIiention 
with a diminished consumption of fuel and roiulors possible the use of sodium (‘arbonati^ 
which IS cheaper than caustic soda 

100 Icilos of oleine would require about 19 kilos of sochiim oai’bonati^ (instead of 111 6 
of oauBtic soda), but in practice only about 90 per cent of this amount w used, tlu^ saimni- 
fioation being completed with caustic soda in order to transform the small amount of 
neutral fat present m the commercial olemo A hot solution (about lU) jior cent.) of the 
whole of the sodium carbonate is prepared in a wide, shallow oopjier, the olemi^ heiiig 
then added gradually m a thin stream, tlio moss being mixed and heated by a ii‘t of direct, 
steam so os to liberate the carbon dioxide and prevent the froth from overflowing ; thi^ 
latter end is best attained either by adding a httlo salt to the soda solution at thi‘ bt'giiinmg 
or by the passage of a current of air. The caustic soda solution (16“ to 18^’ Ht^.) is then 
introduced and the wholo heated, salted out and boiled, os already cU'seribod for tallow 
soap Pure oleme soap is at first rather soft, but it gradually dries, hardens, and btM'onu^s 
of a paler yellowish- brown colour than the fresh soap 

When soap is made from olemo and fats together, the latter are tirai Bajionifiinl and 
the pleuie added subsequently. 

RESIN SOAPS are now made in largo quantities and by almost all soap inauufac’turera. 
Colophony {see Part III) contains acids which bohavo like the fatty acids and yield Mimilar 
soaps, which lathor well with water and, when mixed with ordinary fat soaps, (limuiish tin* 
pnee considerably, as colophony costs only £7 to £14 per ton. 

Tho saponifioation of tho roam is effootod with a rather strong lyc^ (to avoid excji'ssive 
frothmg). It IS necessary to employ pure fats and pure ream (with tho saponiilcat Ion 
number 160 to 180), and when saponification is complete, tho soa]) must bo well “ finished ** 
m order to avoid excess of alkali, whicli would cause ejffloreficeiicp (also avoidable by tlic* 
addition of a httle sodium siboate at the end of tho manufacture). 

The resiii may bo mtroduoed as a powder directly into the fused fat, but it Ja more 
genei-ally added after tho fats have been saponified and tho soap salted out and aojiarated 
from the lye. The ^concentrated caustic soda (100 kilos at 20® 36. or 00 kilos at 26® BA, 
per 100 kilos of ream) is then added and the ream gradually dismtegrated by heating and 
stirnng. Boiling is continued until the froth almost disappears and the soapy mam 
separates well from the lye below and exhibits the proper oonsiateuoy when pressed between 
the fingers. After the lye has been removed, the soap is finished with a little boiling 
water, then left for 12 to 24 hours, and finally solidified m tho ordinary frames or moulds. 

Good resin soaps should not contain more than 40 per cent, of resin, but in some oases 
they show as much as 100 per cent (compared with the fat), and it ia a question whether 
ream soap should be regarded as adulterated , to this view the manufacturers object 
for obvious reasons. Although attempts have been mode at various congresses to fix 
limits (10, 20, or 30 per cent ) to the proportion of ream allowable, none of those are regarded 
The case would be met by stampmg the resin-oontent on every cake of soap, as there could 
then be no question of adulteration or fraud. 

Some soaps are not separated from the lye, or grained or finished, but ar^ 
with, the lye and the glyoerme ; the fata employed must here be pure, sinoe 0th4rwlse 
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tho impuritios would colour the soap Coconut oil and palm-kernel oil ai'e more especially 
usotl, us they have the property of becoming incorporated oi remaining dissolved m a 
laigo e\co8s of alkali or salt and of fornuiig hard soaps with even large proportions of 
water (200 to 300 per cent ) They are made by either the hot or the cold process, and 
aie generally cheap soups, as they con be rosined and charged, not only with large quantities 
of watei, but also with salt, sihoato, talc, flour, oto Solutions of salt or caustic soda 
(20° Be ), even in excess, facilitate hardening, whilst potassium caibonate produces a 
certain softness and lustre The silicate and salt are mixed with hot caustic soda and are 
added linally to the soap at 00° to 96°. The method of procedure is that generally 
employed • the fat is added to part of the caustic or carbonate solution, with which it is 
stiiToil and heated to boihiig , the rest of the alkah is then introduced and finally the salt 
or silicate solution m small portions , the mass is mixed, left m the covered copper over- 
night, wlion it falls to a tompeiaturc of 76°, then skimmed and cooled in the ftames ^ 

Wlion these soap are prepared m the cold, the palin-kernol or coconut od is mixed 
with the theoretical quantity of oonoentrated caustic lyo (for coconut oil, 60 per cent of 
lyo at 38° Be ), which saponifies these and other fats (tallow, lard, cottonseed oil, orachis 
oil, losin, etc ), even m the cold, with spontaneous rise of temperature , they ore commonly 
loaded with silicate, talc, salt, etc 

MOTTLED SOAPS. Until 30 to 40 years ago, mottled soap of the Marseilles type 
was made with ohve oil, the raottlmg being produced by adding to the soap, either before 
or after graining, ferrous sulphate, feme oxide, ultramarine, etc (0 2 to 0 6 per cent, of 
the weight of fat), discharging mto the ooohng frames at a temperature of 76° to 80° and 
allowing to cool slowly (four to six days) 

Mottling is satisfactory only when the soap does not contain more than 32*6 to 34 per 
cent of water, and henoe constitutes a safeguard to the consumer, showmg that he is not 
being cheated with soap overcharged with water Ohve oil soap can be well mottled if 
it does not contom more than the above quantities of water and oolourmg-matter, and 
not more than 2 per cent, of salt, since it is only under these conditions that it acquires 
just that fluidity which, at the sohdifying temperature, offers a resistance to the minute 
coloured particles (iron, alummium, and manganese soaps, and metolhc hydroxides) ; 
the latter gradually group themselves into veins, whilst the drops of lye and soluble salts 
fall to tho bottom If the quantity of water is raised, the eqmhbnum is displaced and 
the fluidity increased, so that the oolounng-matters are deposited, but if other sohd fats 
are used in conjunction with the olive oil, the required consistency can be obtamed with 
os much os 60 per cent of water With coconut, polm-kornel, and palm oils, mottled 
soaps can be prepared oontainmg 70 per cent or even more of water, in addition to an 
increased amount of alkah. These soaps, however, should not contain more than 2 per 
cent, of sodium carbonate, and leas than 10 per cent of dissolved salts , otherwise the 
soap will offloreaoe on drymg, provided that it is sufficiently stiff to porimt of motthng. 

A typo of mottled soap which is often prepared with a yield of 180 to 200 pei cent is 
that from almost equal quantities of sulphocarbon ohve oil and coconut or palm oil In 
this cose the manufacture of the ohve oil soap is oamod out separately as far as the stage 
where it is separated from the lye, so as to remove tho impuntios , it is then introduced 
into tho pan where the coconut oil has been saponified in tho hot with caustic soda of 
about 20° B6., together with some 13 per cent, of sodium carbonate dissolved m water, 
Unger (1861)) found that, m order to prevent coconut or palm oil soap from offloresomg on 
drymg, it should not contom more than 43 per cent, of sodium carbonate, calculated on 


^ High yields ore given by the following mixtures 
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the weight of coconut oil (i.e , 1 mol of sodium carbonate per 4 mols of pure coconut soap) 
After mixing, the two soaps are boiled and 4 to 6 per cent (on the total fat) of sodium 
chloride solution of 24° gradually added, the heating is continued until the i)UHto 
boils readily without adhermg to the sides of the copper, and the steam evolved produci's, 
at the surface of the soap, veinmgs and crevices m the form of rosettes. The soa]) will tJicii 
emit a hollow sound and will not form bubbles when struck with the stirrer, frtiiii which 
it falls in broad folds which become covered with a dry skin, while between the lingcis it 
does not pull out, but tends to sohdify It is important tliat it should not contain an 
excess of caustic soda (not more than 0 2 to 0 3 per cent , it is hest imitnil) as with liniHluHl 
soaps , any excess may be ehmmated by adding the calculated quantity of coconut oil or 
of hydrochlono acid, determined by titration At this point the colouring matter la well 
mixed in, the soap bemg then oooM to about 76° and poured into loi-ge solulifying framoa 
(holdmg at least a ton) so as to cause slow coohng (in wmter these are wrapped round witli 
cloths), and hence satisfactory mottlmg. These mottled soaps of high yield (up to 400 p(n* 
cent ) bear the name of blue mottled or Eackweg aoapa^ and wore largely iiac'd hoiik^ yiuirs 
ago. Even now their consumption is considerable, as they have a higher detergent jiowit 
than finished soaps owing to their nohness m alkah carbonates , they dry more rapidly 
than resin soaps and owing to then- hardness they are preferred for laundry purpoaca, there 
bemg no waste even when the clothes are vigorously rubbed. 

The formation of mottlmg in soaps probably obeys the laws holding m tlio solid idea- 
tion of alloys [aohd, aolut%(ma) and the figures given on pp. 616 and 810, and in PlaU's I. and 



Era 304 


Eia 306. 


n., p 830, of VoL I of thiB work (“ Inorgamo Chemiatry ”) represent weU the improasion 
produced by the mottlmg of soap 

When (dmondrtnoUkng is reniured, an iron rod 12 to 16 mm. m daameter is drawn verti- 
cally through the semi-sohd soap m the sohdjfymg frame, so as to make a kind of lonw 
tudinal out , aumlar outs, paraUel to the first, are then made throughout tho whole mass at 
distances of 4 to 6 om., and afterwards a s i mi lai series perpendicular to the others. When 
sohdifioation is complete, the whole of the soap is traversed by dark Tna.rir,nj « tho aji^po 
of almonds arranged like the leaves on acacia twigs. Other mottlmgs are made either bv 
maohmery or by hand. 

For Esohweg soaps mixtures of various fats are used, e gr , 20 to 26 per cent, of tallow 
26 to 30 per cent of bone fat, 10 to 16 per cent of cottonseed oil 20 to 40 per cent of 
palm-kernel oil, and 20 to 30 per oent. of coconut oil The yield is usually 206 to 216 nor 
cent , although additions of silicate (10 to 12 per cent ) are sometimes ^ 

TRMISPAREOT SOAPS were at one tune obtamed by dissolving ordinary soaps in 
alcoho , evaporating the latter and mouldmg the transparent residue. The amount of 
^oohol ns^ was su^nently diminished by adding glycenne, and at the present time 
traMparent or so-called glyoerme soaps are made from mixtures of decolorised tallow with 
oastor, linseed, ^d coconut oils, with addition of glyoerme and also of 20 to 80 per oent of 
saccharose or glucose, which enhances the transparenoy. To this mixture mdted in 
» .dded Ij. SO- to ^ Bl, to, b™, 
einulsion is formed ; 2 to 6 per oent of alcohol is then mtroduoed, and the mass h^ted to 

76 , cooled to 60", and pour^ i^ the moulds. For some of these soaps as mttoh^Io 
per cent of pale ream is employed ^ “u+o*). as ou 

SOFT SOAPS usually soaps of linseed od or oleine, while in summer cotton- 
seed, colza, sesom^, palm, or fish oil is also used. ^ wywu 

i." ..h- • 


1 ‘ 
; i t 
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Some of tlioao soaps arc transparent (plain or vaiiogatod), others opaque and white or 
yollowish. l^or every 100 kilos of fat, about 160 kilos of caustic potash of 24° Bo are used, 
1 le yi(‘lcl being soniotinics as much as 236 per cent , if caustic soda is partly employed, a 
hariler soap is obtained, but the yield is dimmished Also 10 to 16 per cent of resin may 
bo used or 10 to 15 2 )or cent of oil In general these soajis contain carbonates 

The boiling is cairied out in the usual way, and is continued until fiotlung ceases, and 







Pio 306 



Pio 307. 


a small portion placed on glass remains clear for some time without forming a skin and, on 
cooling, becomes tin bid at the edges and exhibits shght veuinigs of lyo If this tost portion 
remains clear but jircscnta no such voiuiiigs, look of alkah is indicated. 

Many of the soft soaiis now used contain white granules, ^Jroduood by the addition of 
tallow or steoimo, which crystalhsos out thi'oughout the mass of soap during tlio oooliug, 
tlu^ latter occupying 4 to 8 weolcs , this oliaiigc is known fm figging and the yield of such 
soaps IS often as high os 240 per cent 

manufacture of soda soap from glycerides by moans of lime and sodium carbonate 
(Krebitz process) has been described on ]) 605 

Cooling and Solidiacation The soap from the copper is cooled m large ohosts ov frames, 
fornioily of wood but now 
of iron, as was suggi^atoil 
by Krull in 1876 (Fig. 304). 

I’he Hidi'H of those are fixed 
by means of holts and nuts 
and hence lit pei*feotly and 
are readily taken apart 
In some eases, tl o frames 
are mounted on three 
wheels so os to bo trans- 
portable. To })rovent any 
iiupuntiea doposituig in 
one place and so producing 
mottling, the pasty soap 
ill the frame is stirred 
with wooden crutch^ until 
it begins to sohdlfy, but if 
slow flolidifioation is required (for mottled soaps), the sides of the frame are covered with 
straw mattresses or wool, especially in winter (Fig 306). The frames vary in capacity from 
100 to 6000 kilos and, oocording to the amount and quality of the soap, the ooohng lasts 
one or several weeks. The walls of the frame are then removed and the large block out 
into smaller prismatic blocks by means of thin steel wires worked by a toothed-wheel 
wmoh, which is applied to vanous points of the block (Fig. 306). The small blocks are dis- 
charged on to a truck carrying a platform which oon be raised (Fig. 307) and ore then 
kansfwed to thp hamng maohiTke (Fig. 308), where each block is placed between A and B 
you JSr , ^ 84 
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and forced by means of the plate A and the toothed wheel, iZ, agamst the frame, B, fitted 
with adjustable crossed steel wires The long bars thus obtained between B and C are 
then pressed against the vertical wu'es of the frame, C, and thus out into cakes of the 
required size There are many such machines of different types, some fitted with fixed 
and others with universal frames 

Durmg recent years a method has been devised of preparing cakes directly from the 
hot soap from the copper, without using the lai’ge cuttmg machines (alahhers ) , in this 
way much time is saved, waste and scraps are dimmished in amount and the subsequent 
seasoning shortened. The hot soap is rapidly cooled and compressed m the Klumpp 
apparatus (Fig 309), being first transferred to the jacketed reservoir, jD, whore it is kept 
hquid by means of hot water in the jacket The plate, o, consistmg of a double- walled box 
surrounded by cold water, has a movable base, A, restmg on the piston of a hydraulic 


pump, K. The box, c, is fiUed with hqmd soap and the wheel, F, turned so as to press on 
to the surface of the soap the largo plate, a, which is kept horizontal by the four rods, ISl^ 
of the press, while inside it cold water circulates. 

When this plate is firmly fixed and the soap begins to sohdify, a pressure of 60 atmos 
IS applied by means of the press, K, this pressure bemg increased to 260 atmos when the 

soap IS quite cold and solid The ordinary 



outtmg maohmes ore then used to out those 
slabs into marketable pieces, which lose 
httle water even m the air 

Beaaoning or drying of the soap, to 
bnng it to the degree of moistnoss required 
by the trade, is effected by keeping the 
cakes on frames m well-vontilatcd cham- 
bers for several weeks or even months 
This slow drying is now generally replaced 
by drying m hot air, furnished cheaply by 
Ferret furnaces, which bum waste coal or 
slack The soap is spread on gratings 
superposed on trucks, which ai*o gradually 


Fiq 309. introduced into a brickwork gallery , hot 

air traverses the gallery, entering at the 
opposite end at 60® to 60° and bemg discharged at 36° to 46° The seasoning is complete 
in 3 to 6 days, but if the temperature is too high at first, or the drying too rapid, 
the soap softens and becomes- deformed and crushed. To give the cokes a smooth 
surface, and so render efflorescence and orackmg more diffloult, os they issue from the 
dryer they are subjected to the action of a slight steam-jet, which melts them 
superficially. 

The value of soap ^ vanes considerably with the quality, the degree of fineness, the 


^ Analysis of So^. As a rule, the commercial value of a soap is determined from the 
quantity of combined fatty acids which it contains, and as the percentage of those varies with 
the degree of moistness, great care must be taken in sampling the soap The cake is first weighed 
and the sample cut m such a way that the mnor and outer portions are taken m the proper 
proportions , the sample is then cut up fine, rapidly mixed and immediately enclosed in a vessel 
with a ground stopper so that water may not be lost 

The analysis consists of some or all of the following deterimnations : 

(1) Waicr. This estimation, is not usually made, as it mvolves a Iom operation, while it 
IS possible to ooloulate the proportion of water mdlrecliy after all the omer oompononts have 
been detenmned The direct estimation is made by weighing 5 to 10 grms, of the finely divided 
soap rapidly m a tared dish contaming a small gloas rod and filled to the extent of one-third 
with sand which has been previously calcined The diah and its contents ore heated first in 
an oven at 00® to 70°, the fused soap being carefully mixed with the sand until a skm of soap 
no longer forms at the surface , the temperature is then raised to 106° to 110°, at which It fe 
malntamed until constajit weight is reached. The total loss m weight represents the water. 

(2) Unsa/ponvfied I'at, The dry residue from the water estimation is introduced mto a Soxhlet 
extractor (see p. 462) and extracted for a couple of hours on the water- bath with light petroleum 
In a tared flask, the solvent os subsequently distilled off and the extract^ fat dried at 110° 
until of oonstant weight. 

(3) JPeUty Actdaf J’ree AlkaUf Glycerine, and JReavn, The residual matter in the Soxhlet 
apparatus (or the dry soap itself) is extracted with neutralised absolute alcohol, which dissolves 
the soap, glycerine. Bind, free cauaUc dlkaJn the lost of these is determined immediately 1^ titrating 
the aloohoho solution with normal sulphuno acid in. presence of phenolphtha le ip. I^e liquid 
is afterwards largely diluted with water, heated for a long time cm the wafer-b^h to remot’o all 





C A R B O II Y D R A T K S 

oontont of fatty aoida, and the degree of punty TIio ordiiwirv ti • *1 »ii laiiii.hu , tunl 

in the textile industnea, which are made from siilphotinrbon ohv<* *ul and • miii nn f.ti ti» ij.i 
per cent, of fatty acids, cost before the war £22 to .£24 por ton, m'c-n rilnii* ^ i..ii , 

of the market and the prices of prime niateriala (fats ami tnis). li'inli*! \nili 

and other substances may cost much leas ; fine, porfiinu‘tl noapH rust up *•* I |n (n isrt |n i 
ton. 


GG. POLYHYDRIC ALDEHYDIC 

ALCOHOLS 

CARBOHYDRATES 


OR KETONIC 


(Sugaxs, Starch, Cellulose) 

This group of substances might have boon iiU'Uuh'd in I In* fn ***’» i li.ipiri . 
FF, where, m paragraphs D and E, certain vtuy Hnnj)lc‘ ulfli*li\du' niul kilfuiir 
alcohols have been considered Partly owing to ciiMtotn il briMi 

the rule to mclude m the group of Carbohydrates only IcutuiUf tir iilrtrlivilir 
polyhydric alcohols with six {mmosacchmilv.^) or a innllipb* t*f ^\\ raibun 
ipolysaccjiandes) and containing hydrogcui anti t)xygt*n in I hr pnipMiiinn 
water], and partly becaiiao thw group t‘inl)niri»H all tin- 
which exhibit special chai’acters very different from tliost* of gh i tilhr .(IdrliMh* 
(which should be the first member), the carboliydrat(‘H art*, 
iQQ^ brilliant rosearohcH of Idniil KiM'hnr. I'Miunnuanl ni 

laoY, nave ^tended this group to compemudH witJi fi\t\ ot tlmr i uhun 
atoms, on the one hand, and to monosaccharides with nix, tnglii , hi innt* 
carbon atoms on the other 

These monosaccharides bear the name of Monoses 
pmmsefi, hexoses, heptoses, octofses, nono,s6ff, etc, atuinrtling In tliu iniiuhef til 
carbon atoms they oontam), while the polysacTliaridt^s (foiini*il h\ flit- rnu 
densation of two or more monose moleculcK) arc calhul gcimniHv niui, 

after evaporation of the aloohol. The fatty aoule on tlio l\li .Jl! *'< i **'..*. ‘** 

of aleohofto remove any moteturo and tlion with miflliilciit V"’ " ' ‘ • 

I*^° hltrate k evaporated m a tarad dish di'J.Ml .it V **' •l*»*'*l»'* nH iliw 

roHiddal toy arid* weighed To determine any »-.«n wl.u“h u! H, 
part of the latter la weighed, dissolved in 20 0 o T)f ftlimlml *“ Ihr l«n\ m i.U, 

hydrolysed in the hot with a alight excess of dkall i after ion^»i 'i! ' '! »?* 

with ether, treated with powdSred slC niS^and alh^ "j" »|u. . , 

stearate, palmitate, and oleate. One-half of tho UltHmH*' t" doinwll (in. .tKrr 

rwinate) IS treated witli 20 0 0 of dilute hydroI^lorll^Tid (••itiHniiiiiiw — liil.te .thrr 

of the filtrate being evaporated ta a tar^oaSdrto'i^'Ino^ »„ 

the weight of resin kdhnmished by 0-00^6 every It) ,' M ..r’eilT ' 

resmate, this being the amount of olem aoid romo^ bv the ether .d.iKrr 

acids, free from resin, oan then be oaloulated: ^ ^ **" «• «»••' J*nj 

(4) Soda, SdU, Sulphaies, Sthcale, etc. The rasiduo m u . . 

“ flu® ^5* «wd soap. IS treated two or three tta of •^h ftt) ‘‘W'*""'*''' 

the solution filtered, made up to a defimte volume and dlvldiJil 1«* “•*' **' ”*'* 

IS titrated with normal sulpWio ooid, using phenol^thaleln J*”" ' “ui* *d Ihren 

soiiiOTcarSon^e; tea second portion, the soiSttKfofflfde^i ^ “-«■'**« »»•* 

nlteate , the ijiid k preoi^itated with banum chloride and with ellvM 

and hence that of the sodium suVphait te the soan dniArmina#!^ ^hiw ttariuin mtltilMte 

(6) Ash and Mineral JNXing'' The aah obfcainAd h J ^ x w©ftth»rt, 

soap ajout 40 per oe^t greater than the total alkali xt welgbfc of putti 

is much %her than k tedSated by thk 

• wls 
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311 pairticular, hexabioaes, hexatrioses, etc , according as they arc formed by ihe 
condensation of Wo, three, etc., hexose molecules 


A. MONOSES 

A11 the monoses are aldehydic or ketonic polyhydric alcohols cmitiviuimf 

H 

the characteristic groupmg, — C — 0 — , «e, a hydroxyl group united witli a 

OHO 

carbon atom adjacent to a carbonyl (CO) group When the carbonyl eM,s1.s 

H 

as an aldehydic group, — 0 — C'H, these monoses are called Aldoses, wliilsl. 

OHO 


? I 

when it exists as a ketonic group, — C — C — C — , they are termed kelofirs, so 

OHO I 


that we have aldohexoses, ketohexoses, etc ^ 

The monoses have the general properties of the aldehydes or lceton('S and 
hence form, on oxidation, the correspondmg monobasic acids, eg pent on ir, 
hexomc acids^ etc Smee the aldoses contam a primary alcoholic group. 


OH-CHa [CH OH]^ 



they can also be oxidised to dibasic acids, containing the same niimlxT of 
carbon atoms, whilst when the ketoses are oxidised, the carbon atom eham is 
ruptured and acids with lower numbers of carbon atoms formed. 

On reduction, both the aldoses and the ketoses take up two aloms of 
hydrogen, formmg the correspondmg alcohols , the hexoses give hcxitoh and 
the pentoses pentitols 

Lake all aldehydes, they reduce ammoniacal silver solutions in tlie hot, 
giving silver mirrors 

"When heated with alkali, they turn brown and then resinify 

They reduce alkalme copper solution (Fehlmg’s solution) in the liot (.src 
p. 255, and later) 

When heated mth excess of phenylhydrazme dissolved in acetic acid, iliey 
yield yellow, orystallme phenylosazones^ msoluble m water ® 


^ The two olasaea of sugars, Moses and ketoses, are distinguished by moans of Jlondjn’s 
reaction with a solution of iodine and borax, which oxidises all the ahloavs (galnotoso, glut oho, 
mannose, orabmose, xylose, rhamnose, maltose, lactose), while it either does m)l, ovidise tho 
ketoses or oxidises them but shghtly (sorbose, fructose , saccharose and nvfilnope are oxitlisod 
to a small extent) Betti (1913) finds that tho aldoses, but not the ketoses, react with 
j9-naphtholbenzylanune, forming orystallme products 
“ They form first •p^^enylhydraaones {see p 246) 


H— 



+ H,NNH-CeH, = H*0 + 


H— 


(L-OH 

i = NNH CoH 


5 * 


these phenylhydrazones then react with two other molecules of phenylhydrazme, giving ammonia 
anihne, and •phenyhacaonc ' 

I I 


H— C— pi— H ' NHjNHCoH, 
j I _ +H.NNHCeH5 
0=NNHC,Hj 


= NH, + NH,C,H, + H.O + 
amlme 


a=N NHC,H, 

I 

G = N-NHC,H, 
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In dealmg with tlie Iicxorcs later, we shall see how the constitutions of the 
monosos m general are determined 

Of tlie various nionoaes, contammg fiom 2' to 9 carbon atoms, only certain 
of the hexoses fet that is, give alcohol and carbon dioxide under 

the action of ferments or enzymes (see pp 134 and 146) Of the hexoses, some 
[erment I'eadily, others with difficulty, and others again not at all, in depen- 
dence on their stereochemical configurations and possibly on the aB}rmmetric 
constitution of tlie enzymes d-Olucose, d-niannosc, and d-fructose ferment 
easily, and d-galactose with difficulty, whilst l-glucose and 1-mannose do not 
ferment 


GENERAL METHODS OF FORMATION OF THE MONOSES ; 

(a) l<\oni Iho polyoaoH l)y hydiohjais with dilute acids, water being added and several 
inolocules of hoxoae obtained . 


(saccliaroae) H^O = 2 G(jHi 20 o 

(h) Hy oxidation of the conesponding alcohols by mtiio acid c g,, Arabitol, CaHiaOg, 
givu‘S Arabinose, (pentose) , xyhtol (atercoisomono with arabitol) gives xylose, and 

Mannitol, Gol^nOo, mannoHo 

{c) Oxidation of glycerol gives dihydroxyacotone, OH CHa CO GHg OH, which 
IS a tri 08 (‘, its constitution being ludicatod by tho foot that it forms a cyanohy- 
drin, OH CHj fXOH){CN) CHa CH, tho latter yielding trihydroxyiaohiitync acid, 
OH CHa C(OIl)(C*OOH) • CH^ OH, and this, on roduotion, isobutync acid having a 
known constitution 

(d) By treating tho bronio-doiivatives of the aldehydes with baryta water. Thus 
inouolironiahlehyde gives Glycolhc Aldehyde, 

CHjBr + HjO == HBr + OH OH, Of , 

\h ■ \h 


whioli 18 tho mmplejit memha of the augtr group and doo3 not gives all tho reactions of tho 
sugars 

(p) With lime-water, formaldehyde undergoos aldol condans.Uioti (aee p 245), giving 
Formose, 


6 H • Cf 

\h 


- OH CHa CH(OH) CH(OH) CH(OH) CH(OH) 



which is a syrupy mixture of i onipoiiiuls, CJflHiaOfl. 

tJndi^r the iiiHiienee of light and moisture, jihinls fix 00^ and form starch (CoHi^Og),^, 
which IB a polyhexose, GtiOg -|- OHaO - CuHigOo -|- OOg, the hexose then giving up water 
and yielding starch. According to Bacyor (1870), the COg gives first formaldehyde, then a 
hexose (nionoB(^), and finally starch (polyose),^ 


which is tho oharaeteristie grimi> of tho phenylosazonoa Tho lattoi orystalliso readily and in 
a pure slate fiom a dilute pyridtuo solutinn Roduotion of tho iiheiiyloaozonos yiolrls oauminoa, 
eg,, ghicoanmine, (’aHnO^NHa. 

^ From tho analogy in tho behaviour of hemoglobin and chlorophyll, Jiaoyor siippoaed tho 
latter, like tho former, to bo capable of uniting with carbon monoxide In such oase the 
ohl()ro])hyll would decompose into 0 and CO, and water into O and H,,, tho oxygen being 
evolved, the CO, fixed by the chlorophyll, would split olf and combine with the hydrogen 
to give formaldehyde, tho chlorophyll being regenerated Onion of the formaldehyde with 
fLO would then yield methyloneglyool, CHj,(()}I)j„ which would oondense to glucose 
0CHg(()H)g = 6HgO -b CgHigOg BaeyOT’s hypothesis does not seem satisfactory, sinoe 
dissociation of two highly exothermic substances like COg and HgO is difficult to conceive, while, 
in addition, plants are indifierent towards CiO. 

It was shown by Butlerow that formaldehyde — ^and later by E. Fischer that glyoeraldehydo — 
can, under certain conditions and m the presence of bases (baryta), give rise to sugar (a-acrose) 
In 1905 H. and A. Euler found that under no conditions do otner alkali hydroxides give an 
appreciable amount of sugar, whilst with dilute solutions of sodium carbonate or, iDetter, with 
calcium carbonate or lead nydroxide at 100®, first glycollaldehyde and glyoeraldehyde ^e formed 
and finally a keto-curahinoae, the phenylosazono of which melts at 169“ to 101® The conditions 
for the production of hexoses from formaldehyde ore not yet defined, but 0. Loew stated that, 
with mjk of lime, he obtained /orniosc, which is a mixture containing i fri(£toa& (a-acroae) 

D. Beithelot and H Gaudeohon (1910) found that the action of mtra-violot rays on 10 per 
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Also 2 mols of glyceraldehyde (denved, e g , from aorolem) imdergo the aldol oondonaa- 
tion and yield a hexose (termed acrose) which 13 a constituent of formoao 

(/) It IS possible to pass from one aldose to a higher one through the cyanohydrin, 
which is first hydrolysed to an acid with an extra carbon atom Such an acid leadily 
forms a lactone with the hydroxyl m the y-position, and treatment of the lactone with 
sodium amalgam (addition of H2) yields the higher aldehyde (aldose) . 

.0 

OH CHg CH(OH) CH(OH) CH(OH) CH(OH) C^f 

12 3 4 R 0 7 

OH CHa CH(OH) CH(OH) CH(OH) • CH(OH) CH(OH) COOH -5^ 

y ^ a 

OH CHj'CH(OH) CH(OH) 6 h CH(OH) CH(OH) CO + -> 


OH CHj CH(OH) CH(OH) OH(OH) CH(OH) CH(OH) o/ 

neptoBO 

By the same ketomo (lactomc) synthesis, the heptose can be converted into octose and 
nonose 

TETROSES, C4H8O4, and PENTOSES, CgHioOg 
Jusb as the hexoses can be converted into pentoses, the latter can give rihe 
to TETROSES. For instance, d-, i-, and %-erythrose are obtained by oxidising 

cent solutions of various sugars at a temperature of 80° to 90° leads to the rapid formation 
of the f oUowmg quantities of gas 



CO 

CH4 

H2 

CO. 

Levulose (ketose) 

. 83 

8 

9 

15 

Glucose (aldose) 

. 12 

12 

70 

22 

Maltose (gives 2 mols glucose) 

12 

11 

77 

21 

Saccharose (gives glucose and levulose) 

45 

8 

47 

10 


They found also that prolonged action of ultra-violet rays on a mixture of C102 and Hj yields 
a small quantity of CO and of formaldehyde 

These facts tend to confirm J Stoklasa’s observations (1906-1910) on the formation of 
hydrogen as final product of the degradation of carbohydrates by the action of glycolyUc evzymes, 
which have an important function m the assimilation of carbon dioxide m the chloropliyirccllH, 
and also to render vahd Stoklasa’s hypothesis (1907) that the formaldehyde necessary to the 
formation of carbohydratoa by the simple polymerisation assumed by Baeyer may result from 
the reaction, 200# + 2H2 = Og + 2H CHO Stoklasa and ZdobmckJ- (1910) have obtained 
inactive sugars and aldehyde by the action of ultra-violet rays on carbon dioxide and hydrogen 
in the nascent state m presence of caustic potash (with imtial formation of potassium bicarbonate, 
which, m the nascent state and with nascent hydrogen, generates the sugar) and have disproved 
the view held by Fischer (1888-1889), Loew (1888-1889), Neuberg (1002), and Euler (1900) 
that, m the synthesis of sugars from formaldehyde, pentoses ore formed , the sugars they obtained 
ore not aaymmetno and are hence not fermented by ordinary alcoholic ferments In 1912 
Stoklasa, Sebor and Zdobmck;^ showed that formic acid constitutes an intermediate product 
m the formation of CO2 and HgO by the action of ultra-violet light on formaldehyde m presence 
of potassium Iwdroxide and air Subjection of CO a and KOH, mixed with a ferrous salt, to 
the influence of ultra-violet rays gives hexoses (aldoses and ketoses) which are optically inactive 
and non-fermontable Aocordmg to Stoklasa, the function of the chlorophyll m plants is tc) 
absorb the ultra-violet rays of sunlight. From the aqueous distillate of the leaves of vaaious 
plants, F. Hartwig and T Curtius (1910) have segarated (by means of m-mtrobenzhydrozide, 

a ^-hexyUnealdehyde, CHg CHg CHa CH • CH 0^ , the hydrazone of which melts at 107°. 

According to Baur (1913) the formation of carbohydrates in green plants from CO2 is probably 
aooompamed by the transitory formation of various aoids and alcohols Similarly the genesis 
of sugars m the animal organism may result from the glyome which forms a product of the 
decomposition of the protems and produces glycoUic aoid and formaldehyde m passing through 
the hver 

Baly, Heilbron and Barker (1921) find that aqueous carbon dioxide solution yields 
formaldehyde when exposed to light of wave-length 200 the yield of the aldehyde bemg greatly 
increased m presence of paraldehyde, sodium phenoxide and certain salts which absorb light 
of wave-length 290 /i/x, these substances protect the formaldehyde produced from the 
polymerisation to r educ ing sugars efieoted by this light (290 ftfi) Cnlorophyll appears to be 
an ideal phc^o-oata^Bt for both stages of the synthesis of carbohydrate mom carbon dioxide 
and water, the absence of free formaldehyde in the growing leaf bemg thus explained 


^ t 
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PENTOSANS 




d-arabonic acid, d-arabmosoxime, and natural i-erythniol respectively with 
hydrogen peroxide 

OHCHg [OH 0H]3-C00H + 0 =Hj0+C02 + 0H CH2-[CH OH]j CHO 

Totroso 

The tetroses arc also obtained by oxidising (with H2O2) the calcium salts of 
peiitonic acids in presence of ferric acetate, which acts as an oxidising catalyst 
The pentoses (Arabinose, Xylose, etc ) occur abundantly as Pentapolyoses 
or Pentosans (Araban, Xylan) in many vegetable organisms (straw, wood, 
maize husks, etc ), from which they are obtained by simple boiling with dilute 
acids.^ So-called non-mtrogenous extractives present in abimdance in plants 
and in foods consist especially of pentoses, hexoses, hgmn and cutm (Komg, 
1913), which exhibit varying solubility m water and m acids at different tem- 
peratures and pressures Pentoses do not ferment 

Arabinose and xylose are aldoses, OH • CHg [CH(OH)] 3 ’ OHO. By 
bromine water these two pentoses are oxidised with formation respectively of 
arahomc and xyhmc acids^ OH * CHg • [CH • OH ]3 CO 2 H, which are stereoiso- 



* ny the torni Pentosans are moant thoao polysacohoridoa which aro related to the pontoaes 
m the Hiime way oh aie ataroh, innliu, etc , to the hoxoaes, and which give pontoaes and also 
}ie\OHeH on hydroIyaiH. From ataroh they arc diatinguiahed by their Icovo-rotation Fi’om plants 
the pciifcoaana aro'oxtraoted by ineaiis of dilute allcali according to the motliod given by Tollena, 
Stone, and Schulze (1S88-1901) the finely divided vegetable matter is treated twice, for aomo 
hours at the ordniary temperature, with aevoii times its weight of 2 per cent ammonia solution 
to chinmato In tho soluble state pait of the protems, salts, etc , and to remove the more aoluMo 
j)ai t of tho homicoIlulosG (tins would give little pentose 011 subsoquent hydrolysis) After the 
dark ammoniacal liquid lias been separated by filtration through cloth and by squeezing in 
a press, tlie solid residue is extracted with ton times its weight of 6 por cent oaustio soda solution, 
with which it is first macerated m the cold for 10 to 12 houita, and then heated m a reflux apparatus 
on a water-bath for six liours Tho mass is next filtered through cloth and the residue pressed 
and washed several times with water until the total volume of solution obtained is equal to 
that of the caustic soda solution used , . 1 . j x-u 

'I'hiB brown luiuid is evaporated to some extent on a wator-bhth and is then troatea in tno 
((Old with an equal volume of 90 per cent, alcohol The volimimous. flocculont precipitate of 
qmn {peiUoftanit) thus obtained is oollectod on cloth, washed and purified by repeatedly di^olving 
in cblute acid nn(l reprooipitatmg with alcohol, this procedure being continued until the gum 
leaves a minimal ash on incineration 
To p 
Tollons, 

chloric ai-iu \n. 01 # ^ 1 .. * uji.w — — — - 1 i 4 « 

reaction (red coloration with aniline acetate paper) begins to moke its appearance (about two 
iioura). After filtration of the cold liquid and neutralisation with lead carbonate (testing with 
Congo-red paper), a few drops of bonum hydroxide are added and tho liqmd filtered to romovo 
precipitated lead ohlonde and banum carbonate The solution is oonoeutrated on a water- MJi 
under reduced pressure, mixed with a little alcohol, filtered and concentrated to a syrup, ibis 
is token up with methyl alcohol and the solution filtered to remove mineral and other impinitioa. 
The alcohol is then evaporated and the residue seeded with a few oi'yatala of xylose or arabinose 
and left in a desiccator until the whole mass orystalhses (this sometimes requires several weeks) 
In order to separate the arabinose and xylose, whloh often occur together, Ruff and Ollondorfl 
(1899) treat tho mixed pentoses with eight times tlieir weight of 7C per cent alcohol ^d nearly 
their own weight of benzylphenylhydrazlne dissolved in a little absolute alcohol After sevoral 
hours’ rest with frequent shaking, there separates arabinose benzylphcnyWjdrazo^y 
in the pure state melts at 174® and, when treated with excess of formaldehyde, liberates the 
arabinose , the latter is soluble in water, whilst formaldehyde bomsylphenylhydi'ozone remains 
undiBsolved, 

The aqueous arabinose solution, after separation and concentration to a syrupy consistency, 
deposits pure arabinose in crystals. The corresponding hydrazone of xylose is soluble m 76 per 
cent alcohol, and yields xylose when decomposed with formaldehyde in the manner described 
above The xylose^oan also be separated, according to Bertrand and Tollens (19C)0), by treating 
the mixture of pentoses with 2 parts of water, 1 port of cadmium carbonate, and 0 6 pwt of 
bromine. The mixture is heated for a short time on the water-bath, then for 12 horns, 
evaporated, taken up with water, filtered, again evaporated, and with alcohol, thta 

procedure yields crystals of cadmmm broTnoxylonala, UcHpOeBrCd. Before carrymg out this 
awaration, boweyer, it is necessary to make sure that the mixture contra no galactose or 
giuoose. theee sugars can be detected by oxidising mixture with nitric £^d (ap. gr. 1 16) 
on tlw watoJ-ftatlTMid oTOjorating the Uqtiid to two-thhda of ito volume. If the Uquid rem^e 
turbid -in the oefid, tl» presence of mucto acid, denved from gaJxictoae, is mdioated, and u, a«er 
neutraWi&.wlth potas^W ci^bonate, aoidif;^ with acetic acid and ^noentrating, potMsium 
hydrO^n^ohar^te S6]^ajra(fcci6,^e preaenoe of pZtkPse— which gives aacduuno acid on oxidation— 
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meric , with, more energetic oxidising agents, they give tnhydro:cyglutonc acid 
On reduction they yield the corresponding alcohols, arabilol and 7:yhfol {see 
pp 225, 525), which are also stereoisomerides By way of the coiTesponding 
cyanohydrms they can be converted into hexoses {via hexonic acids) All these 
reactions aid m establishing the constitution of these pentoses 

As they contam asymmetric carbon atoms, these sugars are optically active, 
and they exhibit the phenomenon of fimtarofalio-n ; thus, foi freshly picpared 
solutions of xylose, the value of the specific rotation is [a]n == 75° to 80°, while 
five minutes after the sugar is dissolved it has the stable rotation -f- 19° 

When pentoses are boiled with dilute sulphuric acid or with hydrochloric 
acid of sp gr 1 06 (12 per cent ), they yield Jurfu^al, C 4 H 3 O CHO (aldehyde), 
which distils over and gives a characteristic and intense red coloration with 
aniline and hydrochloric acid, a phenylhydrazone with phenylhydi'azme, and a 
slightly soluble condensation product with phloroglucmol ^ 

Treatment of any pentose or hexose with caustic soda in presence of air or other oxidis- 
ing agent (c g , HgO) yields no trace of saccharic aoid, but gives fornuo acid and monobasic 
hydroxy-aoids (e g , glycollic, dl-glycenc, tnhydroxybut3a’io, and various pentonic and 
hexonio acids) ; if oir is excluded, oldotetrosea, formaldehyde, a httlo 2 3 -dienols, bioses, 

and glyceraldehyde are mainly formed 

Recent work has shown that the furfural obtamed on distillation of vegetable sub- 
stances with 12 per cent hydrochlonc acid is derived not merely from true pentosans, 
but also from oxycellulose, glyouronic a^id, etc , methylpentosans give methylfurfurol 
Hence Cross and Bevan suggest the name fiirfuroida for substances other than true pen- 
tosans which give furfural On the other hand, it has been proposed by ToUens that the 
terra pe7itoaan be apphed to the whole of the substances (furfuroids and true pentosans) 
which give furfural when distilled with 12 per cent hydrochlonc acid Hydroxymethyl- 
furfural (see below) does not distil in presence of acids but undergoes rosimfloation, and 
hence escapes the ToUens method of ostimatmg furfural 

Until comparatively recent times it was assumed that the pentosans wore derived from 
the hexoses and polyhexoses, since it was known that 4:-hydroxyinelkylfiirfuraldehyde, 

CHO C CH CH C CHjj OH 

0 

IS obtamed on heating levuloso, d-mannose, d-gluoosc, d-galactose, ohitose, etc , m a soalod 
tube with 0 3 per cent of oxalic acid, while 4c-bromomethylfu'}fural, 

^ Qiianiiiatwe D^taminaiion of Pvnloaca and Peufosana, TThnt and Tollcns (1902) distil 
in a flask similar to that shown m I^g 18 (p. 12), about 6 grms of the substance with 100 c 0. 
of 12 per cent liydroohlono acid, the heathig bomg carried out ui an oil-batli at 100° Thirty c c 
of liquid are distilled over every 12 to 16 minutes, in which time 30 0 c of freali acid are added 
by means of a tapped funnel, this procedure bemg continued as long as the distillate roddous 
a stnp of filtor-papor moistened with on aoetio acid solution of aniline To the distillate is added 
an excess (double the amount of furfural expected) of pure phloroglucmol dissolved hi 12 per cent 
hydrochloric acid. The volume of the liquid is made up to 400 0 0 with the same acid m a 
graduated flask, which is well shaltoii and left for 12 hours, at the end of winch time the precipitate 
is collected on a tared filter, washed with 160 c c of water, dried for four hours m an oven and 
weighed. The weight of furfural is obtamed by dividing this weight by a variable factor, which 
has the following values for different amounts (in grms ) of the phloroglucmol compound 
0 20 grm (1 820), 0 22 (1839), 0 24 (1866), 0 20 (1 871), 0 28 (1 884); 0 30 (1 896), 
0 32 (1 904 ) ; 0 34 (1 911) , 0 36 (1 910) , 0 38 (1 910) , 0 40 (1 920) , 0 46 (1 927) , 0 60 (1 930) ; 
0 60 or more (1 931) The xylan is calculated by multiplying the quantity of furfural by 1 64, 
the araban by 2 02, while for mixed pentosans, the factor 1 84 is employed 

If the pmoiogluoide is formed m alcoholic solution, it may be estimated colorimetnoally 
or BpectrosoopioaUy (Pmoff and Qude, 1913), 

Another method of procedure oonaiats in preoipitatmg the furfural with phenylhydrazine 
and estimatmg the mtrogen in the precipitate 

Jollea (1006), however, neutraJises almost completely (to methyl orange) the distillate 
contommg the furfui aldehyde, then adds 10 0 0 (more, u necessary) of a deoinormal sodium 
bisulphite solution, and after jbwo hours titrates the excess of bisulphite with a decmormal mdme 
solutaon (1 c G of which corresponds with 0 0076 grm, pentose) 

Many plants contam methylpentosans as well as pentosans The solubihty of methylfurfurol- 
phlorogluoide m alcohol, in which furfuralphlorogluoide is almost oompletdy insoluble, serves 
as a means of estimatmg the former (Ishida and ToUens, 1911). 
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IB ohtamod by hcatiiipj loviiloso (or filter-papor, ooilon, celluloso, RtraAv, fltarcli, doxtroso, 
lactose, glycogen, etc ) under piessuro with chloroform saturated at 0“ with liydrogeu 
liroinide Further, when tlio oxiine of levuloao is lieatod with concentrated cnuHtic potosli 
solution, the nitrile is lirst foimed and then liydrocyamo acid and d-arahinoso * 

OH (‘Hj [OH -OH]! CH NOH H>0 + OH CHa‘[(JH OH]^ ON 
-> HON -h OH CH, ' [C’H OH]., • OHO 

Oxidation of d-glnconic arid with peroxulos also gives d-arabinoso 

Ketohexoses in general, when heated with diluta acids (c (/ , with 0 ,1 per cent of oxalio 
acid under a pressure of 3 atinos ), ore largely transformed into hydroxymetliylfurfural, 
whilst the aWoheanaes undergo this change only to a very slight extent j if mineral aoids 
arc used, or oxalio acid m larger quantity, levuhiuc aoid is obtained instead of hydroxy- 
inethylfurfural. 

IT Nofs work (11)10) tends to show that, in plants, pentosans cannot be derived from 
the IioxosoR, but that they are formed rather from either aldotetroac^ and fonnaldeliydo 
or 2-oarboii-atom sugam and glyoeroldehydo The hexosen, in their turn, would bo formed, 
not from pentoses and formaldehyde, but rather from 2 mols. of glyoeraldohydo or 3 mols. 
of a 2-oarboii-atom sugar, or even from 1 mol. of a 2-caibon-atom sugar and 1 of an aldo- 
totrose. 

XYLOSE IS readil.y obtained by boiling with dilute sulphuno oozd plants containing 
it, especially jute, bran, straw, or, better still, apnoot stones or mai'/e husks It boars also 
the name of miod-HUnar, and is yielded by tlie decomposition of gluooiiie acid 
When pure, it erystaUises and forms a phonylosazoiio molting at 100^ 
d-ARABINOSE is lacvo-rotatory, but is obtained from oalciiim d-gluconate and h.ydrogou 
pel oxide and from d-gluooso In the pure atate if fonus prismatic erysi/als 

t-ARABINOSE is tlio optically inactive racomio isomonde, and is found in the urine of 
jiemons suffering from p&niomina 

Z-ARABINOSE is obtained by boiling vegetable gum with cbluto sulphiuie acid. It is 
dextro-rotatory, but is designated a leevo-eompound because it is related oheniieally to 
1-gliicoae. It forma awec't-tasting crystals melting at 100®, and its pliimyloaazone melts 
at 157". 

Two oth(T pentoses ore RIBOSE, wluoh, with nascent hydrogcui, gives admiiul (a 
pimtahydrie alcohol, OH ■ OH 2 ■ [C^H OH ]3 OH 2 OH, and the only Hugar-nlvahal yet 
dmeovered m plants, the leaves of which are able to transform it into starch ; tJie sap of 
AdmnHVPmaliH contains eih much as 4 per cent of adonitol) , and D-LYXOSE, whicli is 
obtamed from galactonio acid and molts at 101°. 

Higher linmologii(« arc^ the Methylpentoses FUCOSE, contained m algai ; CHINO- 
VOSE, ISORHAMNOSE, and RHAMNOSE (or Isodulcite), • CHg, which is^obtamod 

by boiling quercetin and certain other glucosides with dilute sulphuric ooid. 

According to Rosenthaler (1009), Methylpentose in iireaenoo of pontosoH may be rtioog- 
nised by heating the solution for a few minutes on a boiling water-bath with H(J1 of sp. gr. 
119 and observing tlie yellow liquid thus obtained in the spectroscope : mi^thylfurfiiral, 
from mothyljiontose (even as little as 0*0005 grm.) gives absorption bonds between th(^ 
blue and green. The reaction is still more sensitive if a little acetone is added before heat- 
ing, the liquid then being ooloui'ed red (by the methylf urfural) and giving a sharp absorption 
band in the .yellow (I) line) ; pentoses do not give this reaction if the liquid is heated. Other 
sensitive reactions are obtained with phlorogluoinol, orcmol, resorcinol, pyrogallol, aniline 
acetate, etc. 


HEXOSES, CflHiaOo 

These are of frequent natural occurrence and exist as various optically active 
stereoisomerides, since they contain four asymmetric carbon atoms, while they 
also form inactive racemic compounds They are substances of sweet taste, 
and are extremely soluble m water, but in alcohol they dissolve but slightly 
and in ether not at all ; they crystallise with great difficulty and decompose 
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when distilled Their phenylhydrazones are soluble, and their pliciiyl- 
osazones insoluble in water When boiled with hydrocUonc acid tlioy all ^iv(^ 
(1) Levuhnic Acid (CHg • CO CHg • CHg • COgH), the silver salt of which forms 
characteristic crystals, and (2) a brown amorphous mass of so-callcd limaic 
substances With methyl alcoholic ammonia, the hexoses form Osamines, c.//., 
Glucosamine, CgHnOg • NHg 

They reduce Fehlmg’s solution or ammoniacal silver solution in the hoi, 
and with oxidismg agents they yield hexonic acids and then lower acids down 
to oxalic 

With lime they form additive compounds decomposable by carbonic acid , 
with boilmg milk of lime they turn brown and give Hexosaccharine (lactone 
of saccharic acid), CgHioOg By the combmed action of concentrated sul- 
phuric and nitric acids, they are converted mto pentanUmies, while with alcoliols 
and gaseous hydrogen chloride they form ethers {glucosides). The aldohexoscs 
give the fuchsme-sulphurous acid reaction (see p 246), which is, however, not 
shown by the ketohexoses The mode of formation of the plicnylosazoncs is 
described on p 624 

With hydroxylamine they form oximes, e g., ^Z-GIucosoxime, which can be 
converted into the correapondmg nitrile and then, by elimination of HON, into 
the aldopentose (d-arabinose) 

The hexoses are formed m various organisms and can also be obtained by 
hydrolysmg polyhexoses with dilute acids or enzymes 

The optical activity of the hexoses mdicated by the prefixes d-, 1-, and i- 
mdicates the sign of that of the substances with which they are connected 
genetically, but the fact that the actual direction of the rotation does not 
always correspond with this prefix is a source of some confusion It must also 
be noted that the rotatory powers of the hexoses and pentoses are lowered when 
the sugars are dissolved in a centmormal alkali solution at 37° 

Synthetically the hexoses can be obtamed from formaldehyde (.sc6 Note, 
p 625), as well as from the hexahydric alcohols by gentle oxidation and from 
the hexomc acids by reduction E. Fischer has synthesised d-glucose com- 
pletely from glycerine, by way of (1) glyceraldehyde, (2) mactive fruetost', 
which, with hydrogen, yields (3) mactive mannitol, oxidation of this giving 
(4) mannose and (5) racemic mannomc acid, the latter being resolved into 
its (6) active components by means of strychnme , d-marmonic acid, in presimcn 
of pyridme and water m the hot, produces (7) d-gluconic acid and this, on 
reduction, d~glucose. 

The relations between hexoses and pentoses were mdicated in the Note on 
p 627. 

As was mentioned with yeast occurs only with d-gliicose, 

d-fructose, d-galactose, d-mannose, and glycerose, no fermentation taking 
place with sorbose the pentoses, 1-glucose, hfructose, 1-mannose, or d-monno 
iieptose. Thus only the stereoisomerides of a certam group are ferment- 


The of the hexoseB aie deduced partly from their general reactions 

and partly from the following facts • 

The chm, of six carbon atoms in the hexoses is normal, since reduction with 
hydrogen yields a hexahydric alcohol, which is further reduced by heating with 
Vdriodic acid to normal sec. hexyl iodide, OH. • OH, CH, • Clil • CHI - OH • 
the constitution of the latter is shown bythe fact that the corresponding seconV- 
arjr alcohol is oxidised to n-propylacetone, OH, • OH. CH. •CH. • 00 • CH 
t^, on oxidation, giving finally Vtyric and acetic acids olkno4n consS’ 


The hexoses oo^m five hydroxyl groups, as they yield pentacetyl-deiiva- 
fares when boded wrth acetic anhydride and sodium acetate or jsme ohlotide 
Their constitutional formula hence cannot be other than : 



GLUCOSE 


r>si 


H II ’ ir Ti 



Bince, if two hydroxyl groups wore iT-i iiny iiiomont unitod willi one oail)oji nicmi, 
a molecule of water would be olnniiuited iinincdiately FiirtluM’, witli hydrogcui 
the hexoses form hcxitoh, which arc nob aldchydic l)u*t only alcoliolio in (*hnrncti‘r 
and do not give up HgO under any conditions, so that two liydioxyl grouiw 
are not combined with one carbon atom. Neitlmr can it suj)|»()se<l 
that three hydroxyl groups are united with tlie terminal carbon, ilius. 



OH 

OH, because if this were so water would bo readily sopaiatcd and an 
OH 


acid formed, m which case the aqueous solution shonhl conduct IIk^ (‘leclric 
current and have a dissociation constant much greaircr Hum tliat. of a(*cti(‘ 
acid , but tins is not foimd to be the ease 

Combmation with bases docs occur (with the hexabios('s), lull tlu^ coni- 
poimds formed are additive compounds. 

Smee then there are a number of different liexoses, all showing tlie sanu' 
general behaviour, they must have the same conatiitution, tlui dilTenuicos laung 
duo to differences m the spacial structure 

Theoretically, IG active stereoisomoric aldoliexoscs are possible and ])av(‘ 
been already prepared. The rotatory powers of the 'phenyU^sazonvH and 'phcinfl- 
hydrazones may be of opposite signs to those of the oorrosjionduig lioxoHt‘s. 


(Z-GLUCOSE (Grape Sugar, Dextrose, Starch Sugar), CgHjaOfl, is an aliloso found in 
abundance an grapes and many other swoot friuts in company with f/-fruetOHO , it also (K'<'urH 
m the unne of diabetic patients. It has a sweet taste, which is kiss mtcuist' (about two- 
thirds) than that of sucrose It orystallisofl from water with IHaO, winch jt Iohi'H at ]20'\ 
and from alcohol m the anhydrous form, melting at 140”. In nqueous solut.ion it litiH tlu^ 
specific rotation -f- 63° at a temperature of 20°, hut it oxluhits nmlarotatioiu llio j'otulory 
power being about double the above value in freshly prepared solutions wliudi liave not 
been boiled. Owing to its rotatory power glucose may be c^tinuitofl jiolarimctri cully 
(flee latPT, ►Sugar). Yeast resolves it completely into aloohol and carbon dioxulo. 

When saccharose (a dextro-rotatory hexabiose) is heated with flilube aeki. It is con- 
verted into a Isavo-rotatory mixture of equal proportions of ghioose ( f- ) an<l fi'iietosi^ or 
lovulose ( — ), which bears the name Invert Sugar, ^ the change being known as hnrraUmi 
amoe it is aocompamed by alteration of the sign of the opti(jal rotation. 

On oxidation, d-glucose gives d-Glucomc Acid, OH * CHjj - [CH • OH|t • COOH, and thi'ii 
the dibomo Saccharic Acid, COgH * [CH OH]^ • COjH, which, like tartaiie ikmcI, givm ii 
slightly soluble acid potassium salt ; tho latter serves to eharactc^nse f/-gliieoH(s i(. bidng 
sufficient to oxidise with nitno acid and then precipitate the Hoccliano add witli saturalc'd 
potassium acetate solution. When reduced, -glucose yields (l-mrbiiol (lu'xaliyiirki alcohol). 

The sugar forms a phenylosazone, melting at 204° to 206°, and two plmiiylliydrazoiicM, 
meltmg respectively M 116° and 144°. 

When heated abdke 140°, glucose is converted into carawd. 

In dilute solutionat reduces Fehlmg’e solution in the hot, and on this roac^tion is bivsc'd 
the estimation of glucbse.® 


^ Invert Sugar, of the oonsistenoy of honey, is a commercial product used by brewtirs 
and m making preserves, etc, , it is employed also to make artifloial honey. 

* Estimation of Glucose. In the chemical way the estimation is effected by menns of 
Fehhng’fl solution by the method described later in tne section on Saeoharoao, about 10 grins, 
of solid glucose or 16 to 20 gnna of the syrupy product being dissolved in water, made ui) to 
100 0 0 . m a graduated flask and filtered through a dry, covered filter, Poiorinictrio estimation 
is not usually applicable, owing to tho presence of dextrin, sometimes to the extent of 40 per coni., 
tldsJ ihorea^ing the rotation. The dextrin is determined by dissolving 6 grms, of tlie glucose 
^ g wa,ter, addipg 40 o.o. of HOI of so gr M26, heating for two hours on a boiling 
oooEng, neutraliamg exactly with JSfaOH and naabmg up to 600 o.o. The total 
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Barfoed has proposed the following reaction for detecting the presence of minimum 
quantities of glucose (0 2 mgrm ) mixed with lactose, maltose, dextrin, and saccharose • 
to 6 o c of Barfoed’s reagent (an acetic acid solution of normal cupnc acetate) m a test-tube 
is added the dilute aqueous sugar solution (about 1 per cent ), the mixture bemg heated on 
a boilmg water- bath for three and a half nunutes, allowed to cool for 10 minutes, and filtered 
If the filter retains red cuprous oxide, the presence of dextrose is demonstrated 

MANUFACTURE OF GLUCOSE One hundred kilos of starch are mixed with 300 
litres of boihng water contaming 3 kilos of concentrated sulphuric acid, or 1 kilo of con- 
centrated hydrochlonc acid, and the mass heated in a suitable autoclave or converter 
(conical or oyhndnoal, capable of witlistandmg 6 atmos ), coated internally with lead and 
externally with insulatmg material A current of steam is then passed m and the tempera- 
ture raised to about 120° for an hour if hquid glucose, oonsistmg one-half of glucose and the 
other of dextrin, or to 140° for 2 to 3 hours if orystaUisable glucose contammg only 
30 per cent of dextrin is desired By allowing the steam to escape subsequently, the empy- 
reumatio oils (which are of disagreeable odour) are earned away , tho steam is condensed 
m cooled coils (the heat bemg used to heat water) The temperature of the mass is then 
mamtamed at 80° until a teat portion gives no blue colour with iodine and no precipitate 
with lead acetate (or potassium sihcate), these bemg mdioations of the saccharification of 
the dextnn and gummy matters , a further sign of this is the non-formation of a precipitate 
with alcohol 

The mass, at about 17° B6 ( = 30 per cent of carbohydrates), is then decanted mto the 
neutralisation vats, which are furnished with stirrers, and finely divided calcium carbonate, 
suspended in a large quantity of water, gradually added m order to neutralise and preci- 
pitate tho Bulphuno acid After thorough nuxmg of the mass, it is allowed to settle and the 
liqiud then decanted mto another vessel, where the calcium sulphate remaining in solution 
IS precipitated by the addition of a httle ammomum oxalate If hydrochloric acid were 
used, this IS neutralised with sodium carbonate 

The liquid is next filter-pressed, evaporated m a vacuum to 30° to 32° Be., decolorised 
in the hot by means of boneblack or dry blood mixed witli powdered wood charcoal or by 
passmg it through vertical filters filled with the charcoal similar to those used m sugar refineries 
It IS then concentrated in a vacuum (^ee Sugar Industry) either to 42° to 44° B6 , to give 
sohd compact glucose separating m the ooohng vats (fitted with stirrers), or to about 66° 
B6., when ready formed crystals of glucose are added The temperature is lowered to 18° 
to 20°, and after 3 or 4 days the separated crystals centrifuged and so freed from the 
syrupy portion, which retains the dissolved dextrm and other impunties To obtain 
granulated glucose the solution is concentrated only to 32° B6 , after 8 to 10 days in 
the cold, a granular hydrated glucose^ CflHigOg, HgO, separates 

When a very dense hquid glucose (so dense that its specific gravity cannot be deter- 
mmed with the ordinary hydrometers) is reqiured, a httle dextnn la left in the sugar so as 
to prevent crystallisation. 

The theoretical yield of pure glucose from 100 kilos of dry starch is 110 kilos 
In some factones the starch is saccharified with a httle mtno acid, which gives a less 
highly coloured syrup and is more rapid in its action The mtnc acid is then ehnunated 
by means of sulphurous acid, which is oxidised at the expense of tho mtno acid to sulphuric 
acid, this being readily preoipitable with hme 

dextrose (including that formed by hydro^sis of the dextnn) m this solution is now determined 
by means of Pehhng’s solution The difference between the amounts of glucose found before 
and after the action of acid, multiphed by 0 0, gives the quantity of dextnn The acidity should 
not exceed 2 o o of normal caustic soda per 100 grms of syrup. The proportion of ash varies 
from 0 2 to 0 7 per cent 

Solid commercial glucose contains 66 to 75 per cent of glucose and the liquid 35 to 45 per cent. 
In pure solution, glucose may be estimated by means of the specific gravity 


Density 
at 17 S” 


Per cent, of pure 
glucose 

Density 
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The advantages of transforming staroh into gliiooso by means of liydi oihiorio acid 
consist in rapid and complete hydi'olysis, ready separation of the avJioIo of Ihe acul as 
barium fluondo, and the production of a glucose with a pui-e flavoiii 

In 1901 Calmette found that, after heating ciiishod ocimla with double the amounl. of 
1 per cent hydroclilono acid for one horn* at 100'’, one liour at 1 10", and a thinl Jiour at 
120°, and then cooling, the moss may be converted completely into ghiooso by ihe action of 
Mucedinoi 

USES Large quantities of glucose ore consiimod for making swc'ct syriqis, enra^ 
fermented liquors, sweets and wine, preserving fruit, odulteralmg honey, ilrosHing 
textiles, eto 

d-FRUCTOSE (Levulose, Fruit-Sugar) occurs abundantly, together with glucose, m 
sweet fruits, and is also found ui largo quantities in hmiAiij (whicli oontaiiiH natural invei't 
sugar) Tlio hydrolysis of inuhri (a polylioxose found in dahlia tubers) ylokls r/ -fructose 
alone. Tlie sugar is Icavo-rotatory and fermentable It has the constitution of a kch^c, 
OH CHg [CH OH] 3 CO CHg OH, liydrolysis of its oyanohydnii giving the hci)toiiio 
acid, 

OH CH2*[CH 0H]3 C(0H) CHb OH 
COOH 

The 2 ihenylo 8 azone of d -fructose is identical with that of d -glucose 

Methylphenylhydrazmo forms osazones only with ketoses and not with aldostvH, witli 
which, however, it forms colourless liydrazonos, these being usually soluble aiul Jioiuuj 
readily separable from the shghtly soluble, intensely yellow osazonos {nee j)]), ,‘108 and 524). 

When phenylosazoiies are heated gently with liyclrochloric acid, they lose 2 inols of 
phonylhydrazmo with formation of oamies which contain two carbonyl grou])H 1'Juih 
phenylglucosazone yields Glucosone, OH CHg |CH»0Hja CO CHO, and this wJtcn 
treated with nascent hydrogen (from zinc and acotio acid) takes up 2H at tlu' terminal 
carbon atom, fructose bemg thus obtained from glucose. On the other hand, reduction of 
a ketoso gives the corresponding hoxahydrio alcohol, which, on. oxidation, yiidds tlui mono- 
basic hexonio acid , the latter loses water, giving nse to the lactone, and tins gives the 
aldose on reduction d-Fructose is laovo-rotatory , fa]„ = ^ 92° at a temporaluro of 20°, 

This sugar has boon suggested for tlio use of diabetic and tubercjuloiis patients and as 
a substitute for cane-sugar, smeo it is sweeter, and in syrups and honey it lilnd(»rH the 
crystallisation of the other sugars 

In view of these uses, attempts have been made to prepare fruatos(\ mdiiBtrially Kciiiig 
in 1896 and JSteinor in 1908 iiroposcd its oxtractioii from endive roots and dahlia tuhiu’s 
(these oontam from 8 pei oent. to 17 per cent of innlm) The crushed tuhei-s are treated 
in the hot (below 06°) with a littlo milk of hme and with stc^am, and axe then pn^ssed, TJie 
]uioe, after defooation with clay, is allowed to erystalliso lu a rotating cooler, the mass of 
inulin crystals being centrifuged, ^dissolved in hot water, ainl converted into fructose hy 
moans of dilute aoid (^ee Glucose) ; the fructose solution is conoimirated in a vaemtm, 
Steiner oaloulates that the sugai* can bo made by this prooi^s at a cost of Iw. jier Idlo. 

A characteristic reaction for the detection of fructose in jiresenoe of oilier rt'diieing 
sugars IS obtained with the following solution : to a solution of 12 grins of glyooeoll in 
hot water aro slowly added 0 gi'ms of pure cupric hydrate, the liquid hoing heati'id on a 
water- bath for about 16 minutes until complete solution takes place and then cooled to 
60° ; after 60 grms of potassium carbonate have been added, the volume is made up to 
1 htre and the whole filtered. This reagent is reduced in tho cold only by levulose ( 1 to 6 
per oent. solution), the tune required varying from 4 to 9 hours ; other sugars, including 
the pentoses, reduce it only at temperatures above 40°. 

^ Caramel (or eugar colouring) is prepared by fusing and heating glucose or saaoharoso at 
a temperature of 160® to 180° (not beyond this) m an iron vessel fitted with a stiiTer, To glucose 
1 to 3 per oent of soda (ammonia is also largely used) is added to aooelerate tho operation and 
to neutralise the aoid formed (saocharose also yields aoid, being first partly inverted by the 
heating), and after the change is oomplete, 60 per oent. of hot water is added and the moss well 
mixed and filtered through oharooed. A brown, syrupy mass is thus obtained wbloh is soluble 
m water or alcohol, givmg a brown or yellow solution acoordiM to the dilution. 

That obtained from saooharose, wmoh does not contain dextrin and dissolves completely 
in 80 per oent oloohol, is used for oolouring spirits, whilst that from glucose, which contains 
dextrin and is entirely soluble m 76 per cent, aioohol, is used to darken Leer and vinegar. The 
presence pf more than 6 per oent. of ash indicates that a caramel has been prepared from molasses ; 
gc^d quahtdes contain only 1 per cent, of ash. 
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cZ-MANNOSE, CoHisOq, is an aldose stereoisomenc with glucose, and is fermentable , it 
IS obtained from manmtol, the corresponding alcohol, by oxidation It melts at 136°, and 
differs from other monosea m formmg a phenylhydrazone m.-pt. 195° to 200°, only slightly 
soluble in water. With oxidising agents it forms first monobasic d~7nannonic acid and then 
dibasic d-mannosaccJianc acid, COOH [CH OH]4 * COOH 

A general method for oonvertmg one hexose into a stereoisomenc one, eg , d-mannoso 
into d-gluoose, is as follows . the d-mannose is oxidised to d-mannomo acid and the latter 
dissolved in quinohne and the solution boiled; m this way the acid undergoes partial 
transformation into the stereoisomenc d -gluconic acid, reduction of the lactone of which 
yields d -glucose The reverse change of d-glucomo mto d-mannonic acid is also produced 
to some extent by boilmg with qumohne, so that d-glucose can be converted into d-mannose 
These sugars (and acids) differ only in the space arrangement of the groups umted with 
the asymmotno carbon atom in the a-position, OH CHg [CH OH] 3 CH(OH) CHO, 
smoe the phenylosazone of d-mannose is identical with that of d-glucose, ® 

OH CHa [CH OH.\ C C N NHCoHg 

II 

N NHCflHs 

It 18 this a-oarbon atom, adjacent to the aldehyde group, which is mflueuced when a hexonio 
acid 18 boiled with qumohne or pyndine. 

When glucose, fructose, or mannose is treated with a very dilute alkali solution, a mix- 
ture of all tliree sugars results. The fructose seems to be an intermediate product, since the 
dextro -rotation of mannose gradually changes to a locvo-rotation, owing to formation of 
fructose, the amount of the laevo-rotation subsequently diminishmg as the fructose becomes 
converted mto glucose 

Z-MANNOSE and Z-GLUCOSE, CgHigOe (Aldoses), arc obtained together from Z-arabi- 
nose by the cyanohydnn synthesis and reduction of the lactones of the resulting acids 
Apphcation of this synthesis to an aldehyde 3aeld8, m general, two optically active stereo- 
iBomendes, since a new asymmetric carbon atom is created and the chances of formation 
of the two isomendes ore equal The final mixture will, however, be mactive only when 
the imtial molecule is mactive, while, when this is optically active (os with arabmose), the 
mixture will be active, as the components will not have equal and opposite activities , 
one of those will have a rotation greater than that of the original molecule by a certain 
amount and the other a rotation leas by the same amount. 

d-GALACTOSE, CoHigOe (Aldose), is obtomed by oxidismg duloitol, CaH8(OH)(,, or by 
hydrolysmg milk-sugar, m which case it is formed together with glucose It melts at 108°, 
IS fermentable, and exhibits mutarotation It is on aldose, giving on oxidation first mono- 
basic d-galactoiiic acid and then dibasic muexe acid, COOH [CH OBQ4 COOH, which is 
inactive. 

HEPTOSES, OCTOSES, and NONOSES have not been found m nature, but arc prepared 
synthetically from maimose by means of the cyanohydrin synthesis. 


GLUCOSIDES 

These are of frequent occurrence in the vegetable kingdom and, when 
heated with acid or alkali or subjected to the action of certam enzymes, decom- 
pose mto a glucose and an alcohol (or phenol, aldehyde, or nitrogen compound) , 
they are hence ethereal derivatives of the monoses {e,g , Amygdalin, Salicm, 
Populin, Coniferin, etc.). 

Arbifi.oial gluoosides have been prepared by E Fischer by the interaction 
of an alcohol and a monose m presence of hydrochloric acid (which withdraws 
water). The glucosides are analogous m structure to the acetals 



but only 1 molecule of alcohol takes part m the reaction . 
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OH • CHjj • CH(OH) • CH(OH) • CH(OH) • CH{OH) • OHO + CH3 • OH= 

y P a 

OH CH. • CH(OH) • CH • CH(OH) CH(OH) • OH(OCH3) + HgO. 


The glucosides are readily resolved into their components, so that union of 
these diiectly through carbon atoms is excluded. The combination with the 
oxygen of the hydroxyl in the y-position is deduced from analogous reactions, 
such as formation of lactones The constitution of bioses is cxplamed similarly 
(see later) 

According to Auld (1908) the constitution of Amygdalin is as follows : 

0 

OH H OH H HOH H H 

HC--c--c~c^c-0H2-o--a-a~c— c— c— CHg • oh 

H OH H H I OH li OH “ 

^ I — 0 — 


NO • CH • CflHg 

Ciamician and Eavenna (1908j showed that, when glucosides are mtroduced 
into plants (maize and beans), they are absorbed and transformed without 
producing any effect, whilst the decomposition products of the glucosides 
(benzaldehyde, salicylic alcohol, hydroqumone, etc ) act as poisons Hence 
the formation of glucosides m plants seems to have the effect of paralysing 
the poisonous action of certain substances. The same authors (1909) found 
that, when maize is made to absorb saligemn^ this is partly transformed into 
its glucosido, saliom\ in a similar manner they obtained benzylglucoside 
(1911) 

B. HEXABIOSES 

Almost all the bioses at present known decompose into hoxoses (either 
two different monoses or 2 mols. of one and the same monose). No biose gives 
a hexose and a pentose. 

This decomposition of bioses, which is Icnown as hydrolysis, 

^12^22^11 “1“ HgO = 2C3 Hj^2®0> 

can be effected by boiling with dilute acid or by the action of enz 3 aneB, and 
smoe it takes place with great readmess, it is assiuned that the constituent 
monoses of the bioses are united, not between carbon atoms, but more probably 
between oxygen atoms It would appear, however, that the hydrolysis is not 
a monomolecular reaction (see Vol I , p. 69). 

Synthetic bioses are obtained by treatmg, for instance, a hexose with acetyl 
chloride, the resulting acetochlorhexose, m presence of sodium alkoxide and a 
hexose, giving the acetyl derivative of a biose , elimmation of the acetyl group 
by means of soda then yields the biose itself. 

Bioses may also be obtained by the action of certain enzymes on monoses , 
thto, with maUase, glucose gives isormUose (not, as was formerly thought, 
; see p 126). The lactase of kephir acts on a mixture of glucose and 
^Ja^itose, giving isolaotose: with glucose alone it yields a different biose 
and. galactose may also be condensed by the action of emulsin (see 

t f ^ hexabiosei, maltose, lactose, and saccharose will be considered (for 
see later, under lla^ose). 
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MALTOSE forme crystals of the formula CJ2H22O11 + HgO and is strongly dextro- 
rotatory As was seen in considermg the manufacture of alcohol and of beer, it is prepaied 
mdustrially from starch by the action of diastase (sei pp 133, 134, 141). 

Hydrolysis of maltose by dilute acid yields only -glucose It gives reactions similar 
to those of the monoses Thus, it reduces Fehhng’s solution, and with phenylhydrazme 
forms phenylmaltosazone, CaiHggOgNi On oxidation it yields monobasic Maltobionic 
Acid, C12H22O12, which gives d-Gluconic Acid, OH CHg [CH 0H]4 COOH, on hydrolysis 
Hence maltose contains only one carbonyl gioup and not the two correspondmg with tho 
2 constituent glucose molecules, the phenylosazone bemg formed with 2, and not 4, mols of 
phenylhydrazme, while oxidation of the sugar yields a monobasic and not a dibasic acid 
Hence the 2 mols. of glucose m the maltose molecule ore jomed m such a way that only 
one carbonyl group remains free to exert its characteristic reactions, the other soiwing 
to hnk up the 2 glucose molecules. It is usual to molude between brackets the monoso 
residue which has no free carbonyl owing to the oxygen atom of this group bemg 
joined to the other monoso residue, and to place outside the brockets those monoso 
residues which retain free carbonyl. Maltose would then be represented by the formula 

(CoHiiOg O) CaHiiOj. Maltose is not fermentable directly, the maltose of yeast lirat 
cf-Bluc(%e eZ-gluooso 

converting it mto fermentable glucose {see p 134). 

IsormUoae is not fermentable and has [a]p + 70° ; with phenylhydrazone it yields 
soluble phenylisomaltosazone 

LACTOSE (or Milk-Sugar), CmHajOn + HgO, is contained in mdk (up to 6 per cent.) 
and 18 less sweet than cane-sugar Its reactions are similar to those of the monoses (reduces 
Fehling’s solution, etc.), and it yields ti-glucose and ^^-galactoso on hydrolysis It does not 
ferment with beer-yeast, which contains no enzyme capable of hydrolysmg it Tho glucose 
residue has its carbonyl free, whilst the carbonyl of the galactose takes part in the union 
of the 2 monose raoleciiles, so that it will be represented thus (CqHhOjj 0) CflHnOg 

d-goliiitoMO d-gliirano 

In fact, oxidation of lactose by means of bromme water results m tho formation of 
monobasic lactobionic acid, which, on hydrolysis, gives -galactose and d -gluconic acid 
Cold water dissolves 16 6 per cent and boiling water 40 per cent of the sugar 

INDUSTRIAL PREPARATION. Unless a dairy has an average production of at least 00 
to 80 hectolfl of whey per day, it is not expedient to extract the milk-sugar Tho preparation 
18 now carried out as follows The whey is treated immediately after the first coagulation of 
the cheese 1 The concentration is earned out in single or double-effet vacuum pans, 
similar to those used in sugar faotones Whey is passed oontmuously into the concentrator 
until the liqmd attains a density of 30° m the hot (about 60 per cent of the sugar). It 
is then collected in iron vessels holding about 700 litres, m which it m cooled by water 
circulating through a surrounding jacket In the course of 24 hours, during which tho 
mews is well stirred three or four times, the temperature is lowered to 20° A pasty moss of 
fine crystals then separates, with an oily layer at its surface 

The crystals are separated by diluting tho moss witli a little cold water (®) and eontri- 
fugmg, the crystals being retained in the drum of the centrifuge by means of a cloth When 
a sufficient quantity of crystals has been thus oolloctod in the basket of tho oontrifiigo, tho 
mass is washed with a gentle spray of cold water, the crude, shghtly yellow sugar thus 
obtained representing 3 6 to 4 3 per cent of the whey taken. 

This crude milh-sv^ar oontoma 88 per cent, of sugar and 12 per cent of water anti 
various impmities (proteins, etc ) The hquid from the centrifuge still contains about 
30 per cent of the total sugar (not orystaUised but forming a syrup) This liquid, which 
usually has a density of about 16° 136 , is heated to boiling by direct steam in a vessel with 
a flat, perforated false bottom, tho albumin bemg thus coagulated After half an hour’s 
rest, the albumin oolleots as a compact layer at the surface, the hquid being then drawn 
off from below so as to leave the cake of albumin on the false bottom ; this is removed, 
pressed in bags, and given to pigs or mixed with white flour to make bread. The albumin- 
free liquid IB concentrated m vacuum pans to 36° B6. (measured in the hot) and allowed to 
cool for several days, with occasional stirring, m iron vessels. This procedure yields a dark 
pasty mass of the oryatollme sugar, which is collected by dilutmg with a large quantity of 
cold water and oentnfugmg as before , this sugar amounts to 0 3 to 0 7 per cent, of the 
onginol quantity of whey. 

^ Dairies not produomg sufficient whey simply purify it by boihng with acid whey to coagulate 
the olbunun, and filtering. It is then despatched to works which treat it further. 


1 
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Tho mmn yield of crude milk-sugar is 4 3 per cent of tho whey (the maximum of 4 S 
per cent being obtained in winter and tho minimum of 3 9 per cent, in summer). 

Tho liquid from the second crystallisation and centrifugation is not treated further, 
unless by osmosis , it is preferably utilised as cattle-food, os it is rich m potassium salts, 
nitrogen, and phosphoric acid 

Tho crude sugar is either dned and placed on the market or subjected to a refining 
process If left in heaps, it deteiiorates to some extent 

Tho refimtig is carried out os follows The sugar is dissolved, in an open boiler with a 
double bottom (heated by mdirect-fire heat), in water at 60°, the hquid being well stirred 
so as to obtain a solution of 13° to 16° Be (24 to 27 per cent of sugar) A little bone-black, 
or fuller’s earth (see p, 490), and about 0 2 per cent, (on tho weight of sugar) of acetic 
acid are then added, and the heating continued until tho boihng-point is approached, 
when magnesium sulphate (about 0 2 per cent ) is added and the liquid subsequently 
kept boiling foi a few minutes The mass suddenly froths very considerably (if 
necessary, the stoam-cock is closed , tho boiler should not be too full initially) and 
tho temporatui’o rises to 102° to 106°. Tho charcoal decolorises the hqiud and absorbs 
unpleasant flavouiing substances, while the albumm is coagulated in large flocoulent 
masses (by tho acotic acid) and tho phosphoric acid is precipitated by the magnesium 
Tho hot liquid is filtor-prcsaod, aud the sohd residue, after being washed with water 
and treated with a suitable amount of sulphunc acid, constitutes an excellent nitrogenous 
supoiphospliate. The clear hquid from tho filter-press is concentrated as usual in mcm to 
.35° B6 in the hot (66 per cent of sugar), tho formation of froth being prevented. It is 
then crystallised, and when the maximum quantity of crystals has separated, these are 
separated by centrifuging, giving first proditct* After subsequent concentrations of tho 
mother-liquor, second and Hurd products are obtained. These three products togetlior 
amount to about 3 to 3*6 per osnt of tho original quantity of whey, they may bo kept 
separate or mixed and then recrystoUised 

To obtain tho sugar in the very white powdery form m wluoh it is now sold, the refined 
product (first, second, oi third) is dissolved in hot water to give a solution of 16° B6 , which 
is boiled, and, after a little aluminium sulphate (0 1 2><3r cent ) has been added, filter-prossod, 
the door watery filtrate being oonooiitrated to 32° B6 It is then crystallised in oopi)or 
vessels, centrifuged, and dnod m revolving mchnod drums round which hot water 
passes. 

It IS dry when it no longer adheres when compressed between the hands The cold sugar 
IS ground and sieved to on impalpable powder. The average yield over tho whole year is 
2 6 kilos of tho powdered sugar per 100 htros of whey This powder should bo left in open 
vessels for some days, as, if packed immediately, it develops an unpleasant smell (wluoh, 
however, it loses if spread out m the air) 

9’o obtain tho sugar in masses of aggregated crystals, solutions of tho gravity 21° to 24° 
B(). arc crystallised m wooden vessels containing numbers of small wooden rods , tho 
crystallisation somotimos occupies os much os a fortnight, and a liqmd of 13° B6. remains 
which can bo concentrated anew. 

The albumin separated when whey is boiled contains, after pressing, about 60 jjor cent, 
of water and 40 per cent, of dry matter composed of 17 per cent of protein substances, 
11 per cent, of milk-sugar, 2 3 per cent, of fat, 6 per cent, of ash (one-half of which is 
insoluble in water), and 1*7 per cent, of lactic acid 

The final mother-liquor, or lactose molasses^ is brownish block, and contains about 73 
per cent, of water, 6 per cent, of ash (two-thirds soluble in water), 0 10 per cent of fat, 
0*6 per cent of nitrogen, 1*5 per cent of acid (calculated as laotio acid), and 22 6 per cent, 
of substances which reduce Fehling’s solution (calculated as milk-sugar). 

The pre-war price varied from £34 to £48 per ton. 

Tests for Milk-Sugar. Adulteration with mineral substances is recognised by the ash 
exceeding 1 per cent m amount. When dextrin is present, this does not dissolve in alcohol, 
while the presence of glucose or saccharose (even as httle as 2 per cent.) is indicated by 
evolution of carbon dioxide from a 10 per cent, solution of the sugar mixed with a httle 
(0‘2 grm ) fresh pressed beer-yeast and kept at 20° to 30° for two days; the invertose 
present in the yeast inverts the sacohorose, which then ferments, but it does not break 
down the lactose, which consequently does not ferment. It is also found that when the 
Bulgonfiaii ferment (Bacterium bulgarusunn) acts on a mixture of saooharose and lactose, the 
hitter alond is destroyed. 

ioh, n. 
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SACCHAROSE (Sucrose, Cane-sugar), C12H22OH 

Sacctarose may be regarded chemically as the condensation product of 
two hexamonoses, glucose and fructose, which are generated by hydrolysis 
with dilute acid. The characteristic reactions of the monoses are lacking m 
saccharose, which does not reduce Fehling’a solution, form osazones, or turn 
brown when treated with caustic soda solutions It must therefore be assumed 
that the saccharose molecule contams no free carbonyl group (aldehydic or 
ketomc), the two such groups m the two monoses bemg annulled m the con- 
densation. This IS seen clearly from the foUowmg equation, m which a con- 
stibutional formula with the lacfcomc groupings so co mm on to these substances 
{see p 626) is attributed to saccharose : 

0 

OH CHg • CH(OH) OH CH(OH) • CH(OH) • OH 

d + H • OH = 

OH • CH 2 CH • CH(OH) CH(OH) • C CHg • OH 


— 0 — 
Sacdboroso 



The rational formula {see Maltose) of saccharose will hence be : 

(ObHuOq’O OeHiiOg). 

Saccharose and the bioses generally are not changed by the direct action 
of alcoholic ferments or of the majority of enzymes, so that they cannot be 
converted immediately mto alcohol and carbon dioxide, as is the case with the 
hexoses In order that alcohohc fermentation of cane-sugar may take place, 
it is necessary that the sugar should be first mverted by the invertase — almost 
always present m yeasts — ^mto fermentable glucose and fructose Hence, yeasts 
which oontam no mvertase cannot ferment saccharose. Saccharomyces oclo- 
sporus^ for instance, leaves this sugar unchanged, although it ferments maltose, 
owing to the presence of maUase, which hydrolyses the maltose to glucose. 

It has already been mentioned that saccharose is readily hydrolysed by 
heating it with a very small quantity of a dilute mmeral acid, and that tins 
hydrolysis is known as inversion {see pp 631, 633) because the dextro-rotatory 
saccharose ( [g]u = + 66 6°) is changed mto a lesvo-rotatory mixture of equal 
proportions of glucose and fructose {invert sugar). The velocity of inversion^ 5 , 
is proportional to the amount of cane-sugar present m the solution at any 
moment, and is hence expressed hj s = k{p — x)^ where p is the quantity of the 
original sugar and x that which has already undergone mversion. The inversion 
constmtj Jc, varies with the nature of the acid employed and is proportional to 
the degree of electrolytic dissociation of the acid, the rate of mversion moreasing 
with the number of feee hydrogen ions. It is, mdeed, possible to determine the 
loniG concentration of an acid solution by means of the velocity of inversion, 
or the amount of reduomg sugar formed m unit time, in a saccharose solution 
of definite concentration. In the cold, sulphurous and carbonic acids have 
scarcely any inverting power. 

Saccharose melts at 160° and, on solidification, forms an opaque, amor- 
phous, glassy mass, which then crystallises m mclmed monoclinic or rhombic 
prisms with blunted angles ; at a higher temperature it caramelises to a brown 
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mass with evolution of gas (see p 533) It has the sp gr 1 5813. When heated 
for a long time at 180° to 220 °, it yields acetone 

One part of water dissolves 2 5 parts of saccharose at 0 ° and 4 6 parts at 
100° It IS almost insoluble in absolute alcohol or ether, but dissolves slightly 
in methyl alcohol It readily forms supersaturated aqueous solutions, which 
then rapidly deposit anhydrous crystals , this phenomenon is utilised m its 
industrial preparation 

Cane-sugar forms compounds (suoraies) with inorganic bases ; thus, with 
lime it forms (1) Monocalciutn Sucrate, C^aHgjOii, CaO, 2 H 2 O, soluble in water, 
(2) Dicalcmm Sucrate, 2CaO, also moderately soluble m water, and, 

on heating a solubion of either of these compounds, (3) Tricalcium Sucrate, 
C 12 H 22 O 11 , 3CaO, 3 H 2 O, msoluble m water 

A sensitive reaction for the detection of small quantities of sugar is mdi- 
oated on p 533 

Poz/j-KhcoI (1000) has do vised a still more sensitive reaction for the sugars . into a 
teat-tubo are mtrodiiced 2 o o of the aqueous solution, loo of 6 per oent ammonium 
molybdate solution and, after mixing, 10 to 12 c.o of concentrated sulphurio ooid, which 
IS poured carefully down the side of the tube. The formation of a blue ring within 20 
mmiites indicates the proaonco of more than 0 0006 per cent of sugar, and if the blue rmg 
appeal’s within 30 minutes when the upper part of the liquid is heated to boihng, the 
solution ooiitams at least 0 00002 per oent. of sugar 


INDUSTRIAL PREPARATION OF SACCHAROSE i 


Saccharose is contained in varying quantity (5 to 20 per cent ) in different 
vegetable organisms. For instance, the sugar-cane (Sacchcmwi qfficinanm) 

^ History of Beet-sugar. The first saooharino material worked and utilised by man 
as ftu)d was probably honey The sugar-cano was known to the ancient Cliincso, the Indians, 
and also the Persians and Arabs 200 years befojie Christ and only later was it introduced into 
^^^ypt> Greece, and Sicily, the modicme-men of this epoch employed oano-juioe and honey 
as medicine In the seventh century sugar in the solid form was an articlo of commerce, and 
m tlie eighth century the Persians extracted it from the sugar-cane and prepared it in cokes , 
after the ninth century, the cultivation of the cane was extended by the Arabs to Egypt, Syria, 
(^rote, Sicily, and Spain In the fifteenth century, the Portuguese introduced the culture into 
Madeira and Brazil, while the Spaniards oamod it to the East Indies and the Canary Islands, 
and the Dutch to Java and Guiana. At the XJrosont time tlie augar-oano is largely cultivated 
in Cuba, Java, Manila, Martinique, Jamaica, Louisiana, Brazil, Peini, Cliina, Japaiij India, 
Egypt, and part of Australasia. In Europe it is grown to a small extent only In Spain. 

Jn 1800, when Eranoo and the allied nations established the Contmontol blockade against 
Englantl (lasting until 1814) and the supply of Colonial sugoi’ furnished by England to the whole 
of Eluropo hoiieo failed, attempts were made to discover a substitute for cane-sugar. 

As early as 1706 the Erench agriculturist, Olivier do Horros, had observed that the beet 
oontainod a eonsiderable proportion of sugar, and in 1747 the Berlin pharraooist, Sigismund 
Marggraf, attempted the extraction of the sugar, obtaining a yield of 0 per cent , but at that time 
it could not compete with the much (ihoapor Colonial sugar Coil Aohard, a pupil of Marggraf, 
after 20 years ot experimental work on the selection of the best qualities of noot, etc , erected 
a factory for the manufacture of beet-sugar at Kunorn, m Silesia (1801), but it was not found 
possible to extract more than 3 per cent of orystalllno sugar, which did not cover the expenses, 
so that the factory was closed. Achard, however, oontmued to portoot his process, ana when 
the Continental blockade produced In 1811 a tenfold increase in the price of sugar, several beet- 
sugar factories were started in Germany, but these were still so imperfect that they were obliged 
to suspend operations when the blockade ceased. At this same time Napoleon 1. mducod the 
most eminent soientiflo and technical men ui Eronoe to apply themselves to this problem, and 
the extraction processes were rapidly improved, machines being devised for rasping and pressmg 
the beets With the introduction of the use of steam for concentrating the juices and of 
granulated bone-black for decoloration, beet-sugar b^an to oompete senously ■with Colonial 
sugar, even after the raising of the blockade In 1828 there were indeed 58 large and flourishing 
footones in France, producing annually 30,000 tons of sugar Napoleon I. had distributed in 
prizes to encourage this industry the sum of £40,000 and had hims^ erected four factories and 
brought 32,000 hectares of land under beet cultivation. 

In Germany the sugar industry was started again in about 1880, especially In the neighbour- 
hood of Magdeburg, mere a fortunate choice was made in the quality of beet employed, the 
lot of^ the i^grioulturist — at that time depressed owing to poor gram otom — being thus greatly 
^elh^^ted. ' The ftirther development of this mdustry was favoured by protective duties 
"by the Government, in iBramoe — ^untU a few years ago— and in Germany and Austna, 
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the beetroot {Betavulgam), 7 to 17 per cent , Borfihnn 
saccharatum, 7 to 12 per cent ; the pineapple, 11 per cent. ; ’’ ‘j 

6 per cent. , maize stems, sugar maple, etc also contam small ^ 

saLharose. Moat sweet vegetable however, contaui glucose (^n 

sugar) and levulose. The plamts employed u^dustrial^ for the e^ ^ 


sugar^ ana lovuiuae. xuo uigoj-ud — — ^ , .. .... i.., 

suiar are the maple, sugar-cane, and beetroot Unsuccmful at1ciu].ts 1 .iv 
b^n made with maize stems, which contam as much as It per cent, of sugiu 
when the unripe heads are cut, but the sugar extracted Honiei.iineH ton suns 

12 per cent of mvert sugar and other impurities. , i • 

ACER SACCHARINUM NIGRUM (Sugar Maple), wluoh w laigely cultivatcil ni 
C^oda, and, to a less extent, m the United States, yields a sap containing a coMHi.lei.il.le 
proportion of sugar. The sap is withdrawn from the hving tree by means of two or tlnee 
^ ^ ® holes bored In the stein a few feet 

above the pjrouiul, a metal ttila* 
fitted into each hole connnaii<lnig a 
tmiied-iron voshcI. h'loin llnHt* 
vesBolB the Hap w (•()llec'i(’(l twice* a 
day during tlie Hiigar Heanon, which 
lofltB for about three weekn in the 
year. A Hinglo tmo yicldH fmni lli 
to 24 gallons of sap cacli hi^uhou, 
and fi'om 4 fi to 0 gallons of llu' 
sap give 1 11). of niapli* sugar. In 
some eaaoH tlie sap ih trcati'd with 
chemical agents wliioh ju'ccipiliitt* 
certain of the impurities, hut 
usually the saj) is com*ent rated ancl 
crystalhsed directly, since I hi' eoni- 
mercial value of the sugar depends 
principally on the llavmir diii' to 
the “non-HugarH" or imiinntics 
present. In (^aimda the in<luKtr\ 
flourishcH mainly in the piDvinci* 
of Quebec, where the output of the 
sugar am oimted to 13, (MH) tons in 
1919 and to 13,400 tons in 1020. 

11. THE SUGAR-CANE is the 
prmcipal sonroe of Colonial sugar. 

Itifl a plant (iSVrceA«n/w njffirijid- 
nm, Fig. 310) which has hri*ii culti- 
vated from the most remote times 
in India, Pei'sia, and Arabia, whence 
it passed into Kgypt and Civcee. 
At the time of the Normans it was 
cultivated in Sicily, and from there 
it was introdiioud in 1420 into 
Portugal and Spam, and thence mto the West Indies , the Dutch carried it to the East 
Indies, where its development was very rapid At the present time it is cultivated most 
widely m Cuba, Porto Rioo, San Dommgo, Havana, Brazil, and the East Inclioa (Bengal, 
Java, and the Phihppmes) 

The plantations ore made with shoots from the hving plant (obtained from seed), these 
bemg placed about 1 metre apart and weeded after four to five months. The oano begins 



where the prosperity of the sugar factories is oontmuaUy moreasing. The industry then developed 
m Belgium ana Russia, while m Italy it was initiated only towards the end of the last century. 
In England the cultivation of the sugar-beet has been attempted, apparently with success, 
on a small scale only during recent years. 

In 1866 the world’s production of beet-sugar already amounted to 1,600,000 tons, Mid in 
1900 Central Europe alone produced 8,600,000 tons Durmg the same lapse of time the output 
of cane-sugar mcreased only from 1} to 2} milhons of tons. 
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to sprout in 12 months and requires a further six months to mature, when it has a yellowish 
colour and is 3 to 6 metres high and 4 to 6 om in diametei , it sometimes reaches a weight 
of 9 kilos 

The stem and roots of each plant wiU yield cane for twenty consecutive years without 
renewal The negro labourers remove 
the head (used for cattle-food) from the 
cane with a blow from a scythe, and 
with another sever the cane at tlie 
base , the leaves (used for thatching) 
are then removed, and the cane 
worked up each day, as it rapidly fer- 
ments if left m heaps The omni- 
vorous ant is tlie enemy most feared 
by the planter At one time the 
bundles of cane were crushed m a 
primitive null foriuod of three vertical 
cylindrical tree-trunks, shod with iron 
and worked by water-wheels or horses, 
but nowadays use is made of three 
horizontal cylinders, the distances 
between which can be regulated so as 
to vary the pressure (Fig 311) 

In large factories use is made of 

batteries of these three-oylmder groups (Fig 312), the oone bomg passed from one group 
to the next by means of an endless band Prior to this the cano is treated _in a crusher 
(Fig 313), consisting of two toothed rolls. 

The liquid thus expressed is termed raw juice, and the woody residue bagasse or megass. 
After each prossmg the cano is moistened with water and finally contains 1 to 1 5 per cent, 
of sugar. In Mexico bagasse and the leaves of Henequen plants aro now used for the manu- 
facture of spint. The total juioo, including that from the second pressing, forma about 
90 per cent of the weight of the cano and contains 16 to 19 per coni of sugar In the East 
Indies, owmg to irrational methods of working, more than onc-half of tlio sugar is lost, 




Fig. 312. 

I 

whilst in Brazil, where improved processes are in use, more than 60 per cent, of pure sugar 
IS obtained.^ In North Amenca the dilhision process has been introduced, and the loss of 

1 TheioJlQwn^ information has been furnished by Alberto Bianohi, who visited (in 1911) 
vsjriouB eane-BUgar factories in South America. Xho most important oentres^m South_Amerioa 
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sugar reduced to leas than 20 per cent , diffusion has also been tried lu Brazil, but whs 
abandoned owing to its expense, especially as regards fuel ^ Trcatnieiit of the fresh juus' 
with a considerable amount of sulphur dioxide is often employed to pi event the nwuU' 
fermentation which otherwise occurs Attempts have also been made to dccoloziae wdli 


sodium hydroBulphite. 

- Even recently cane-sugar constituted about 



h’xG 313 


one-half of the total sugar pioduced, 
but it is nearly all consumed wIk'K' 
grown ill a moio or k^ss refined con- 
dition, whilst a very large tracks is 
done m beet-sugar in a Inghlv i (‘lim'd 
form, and in some easoa tliis Hugtir 
compotes with oano-sugar in diMlrifln 
where the latter is pi'oduci'd Tlii' 
output of oano-sugar in Tnlia aloni* 
was 700,000 tons m ISOS and 
1,050,000 in 1004 In order to en- 
courage the cultivation of tlK» sugar- 
cane, the United States Oovernnieiii 
have instituted a system of bountii’H 
(os much os 6s Qd. per owt.)f and in 
1910 paid £13,800,000 in this way : 


m addition to this tlioro is a pro- 
tective duty of 245 per quintal on 
the sugar, this being paid by tlu^ 
consumer In the East Indies the production increased to 2,166,000 tons m 1904. (Tlu' 
European output of beet-sugar is about 8,000,000 tons per annum ) 


for the production of the sugar-cane are in Brazil, the States of Pernambuco, Bahiii, Hio de 
Janeiro, and San Paulo, and, m a less degree, Maocio and Maranhao , in Argontine, inm Ii cane- 
sugar IB produced m the northern provmces, especially m Tuoumau. The varlcticH of cHn<‘ 
most widely grown m Bra^ have been imported from Java and Haiti and yield from 10 lo 
17 per cent of oryatolmable sugar The works are erected in the plantatinnH, and tlio morn 
primitive ones, m which the juice is still concentrated under tlie ordinary presHuro, are calliHl 
Eugenia, whilst those furnished with modem machinery and multiplo-offot vacuum nlanb iirv 
termed Uainas * 


the broken oane is crushed between wooden rdllers worked by o\on nr homoK 
When the juioe w n ot d efecated, it is oonoentrated in large copper pans boated by diwet lire, 
and M then left to crystallise m wooden ■yesaols, the molasses being Biibsoquently Vloeantcri dll 
and the orystaltoe mass placed to dram in barrels with perforated bottoms When defemUim 
IS employed, the juice is boiled with hme and skimmed several times, the defecated jnlco l.lu'ii 
pMsmg into a aeries of two or three pans, each lower than the preceding one j in the lust of tlicm< 
the demred conoentrotion is attained The sugar thus obtained is always moist, owing to tlio 
residual molasses, and vanes m colour from yellow to brownish blaok , the yield lu less tlimi 
0 per coutf 

7 Jfl may amount to 10 to 11 per cent (by the wet proeoss, or 

7 to 9 oent by the dry process, or 6 per cent when the oane is proasod in a single pair of 
the canes are pressed between three pairs of double rollers by hydraulic proaaiiro, 


rolls), tt 


jmee (wet process) bemg gradually sprayed on to the 
w used as fuel The juice, with a density of 6° to 10° B 
(sulphur dioxide or calcium bisulphite is used , but this 


el 


caup 


„ ^ pre 

^ ./ pressed c ane , the proBsed v im 

! 6 ., is pumped to the sulplutation iaiik 

, 1,7 — r*' ,*7 is not done in all factories) and theiii’o 

pa^es to c^per vessel with sphenoal bottoms and holdmg 2000 to 4000 litres. In these it i« 
with milk of hme, bemg heated by steam coils and skimmed once or twice 


""'It ”“”6 uy Steam ooils and skimmed onoe or twice Afti«r 

“ t^ferred to other vessels of about the same steo as the former ono 
and placed at a lower level , m these it is again boiled and skimraod It irn^t removed To 
the dejmsitu^ tanka and, after some hours, is pumped to the tnple-effet vacuum ooncentratora 

oopper boflers of 2000 to 4000 litres capacity (olarhiere^' 
JlJwi. * boiled by ^ans of steam ooils for about half on hour— until it oeaiaes to form soITm 
(which iB removed) The juioe is next boiled m a vacuum apparatus, in wSorvstXat oT 
foSSTM^^ee treatment and refining of the sugar are earned out as irbeet-sugar 

of white, first-jet sugar is increased by dAcnlnririt'g the iuioe 
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Cane-sugar molasses is of value owing to its agreeable flavour and smell, and it is there- 
fore converted, by fermentation and distillation, into rim, that of Jamaica being especially 
renowned. 

Ill The BEETROOT was formerly an annual, but became changed by selection into 
a bionmal, giving flowers and fruit (or seeds) only in the second year Different vonetiea of 
Beta mlgans or Beta marihnia (Linneous) are now grown The origmol wild varieties con- 



tained only 6 to 6 per cent, of sugar, but 
after careful and repeated selection during 
a period of 26 years, varieties have been 
obtained which, under the most favourable 
iiditions, oontam as much os 18 per cent, 
sugar ^ 

Nearly all of the best voneties now 
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cultivated are derived from the IClem-Wanzloben The shape of the root is of oonsidor- 
ablo importance. Thus, the rounder boots are generally noh in sugar but give a small crop , 
roots of oblong and swollen form crop well but are poor in sugar , whilst fusiform roots 
which are not too smooth and have httle top and tail (waste products of the sugar 
factory) arc the ones preferred by the agrioultiirists and manufacturers {see Pig, 314), 
Value attaches, besides to the shajie, also to the speciflo gravity, and still more to the 
sugar-content. Pig. 316 shows the saochanno oontent of the various zones composing 
the beetroot. It will bo seen tliat the nohness in sugar diminishes from the oontro to the 
periphery, and especially to the top and toil, which also give the more impure juices. 


1 Aiihard himself recognised variotioa of the boot best adapted for the manu- 
facture of sugar, but It was Vilmoiin, m Franco, wlio m 1860 rationally soloctod 
the first variety rich in sugar ( Vthiwrm'a white) by repeated roprodiiotioii of the 
roots with the highest sELooharino oontent , this ho arrived at by immersing the 
roots in saline solutions of different concentrations so as to dotormine thoir 
specific gravities, from which he deduced the content of sugar. Later, however, 
Scheibler showed that there is not always proportiouahty botwoon the spocifio 
gravity and saochanno value 

In (lermany, more rigorous methods of selection were introduced by Rab- 
bethge and Gieseoke (1802), who analysed selected beetq out into portions and 
determined, not only the richness in sugar, hut also the purity of the juico 
polarimetnoally. Kuhn then improved the selection still f u^or by miorosoopio 
examination of the seeds. 

Choice of seed is of great impoiijanoe and seed should bo obtained only from 
reliable firms ; a saving of a few shillings in buying seed sometimes involves 
serious losses. 

Special preparation of the seed (shelling, Impregnation, etc.) does not appear 
to have any practical value, but, on the other hand, Briem (1910) states that 
repeated selection and adaptation to the new intensive culture methods is able 
to produce in 20 years an increase in the mean saooharme oontent from 14 to 
10 per cent,, besides an morease in the weight of the beets owing to the roots 
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_ aeouertomed to more energetic feriSlsers. 
irf aw Slow numerous vorlefres of beetroot known by the names of their producers or of 
Vjiejre they were first selected. Among such varieties the best ore the Klein-Wanzleben, 
nr,iu_ Vilmorln, etc. , tiiese may be distinguished, although not always readily, 

‘ ~ rpG^ and leaves and by the saooharme oontent. 
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Beetroots for fodder or for domestio purposes are yellow or red, but ihnsu Hi'Iecterl for 
sugar are white, and any vanegation or colouring with the oiigmal tint mdifaU-H faiiKy 
selection and degeneration or reversion to the prniutive type BuotH with fi'w Ioiivch or 
with long stems are poor in sugar, and denote that the soil is of a olmiaetor not adaiitod In 
their cultivation ^ 

The proportions of the principal components of the beetroot vary between the following 

limits (porcen tapes) waiei. 75 

to 86 , sugar, to IS ; eelluIoHe 
and hgnin, 0 H to 2 5 , nilrogc^- 
nous (protein and ammo-) sub- 
stances, 0 8 to ;i, fat, 0 2 to 
0 5 , mineral mattei* (jxitaHsium 
and othci salt-s), 0 2 to 2, < )thi‘r 
and less impoHant (•(unponenis 
of the beet are . glucose, ratti- 
uose, organic acids (oxalic, inalie, 
tartaric, citric, nialomc, siiccinu*, 
glutano, gluconic, tricarbal- 
lyhc), amido- and ammo-eoni- 
pounds (leucine, asparaguus be- 
taine, tyrosine), gums, pecitic 
matters, conifenii, etc. 

TIio value of the beets was 
formerly arrived at by mcasur- 
mg the density of tlie juic(» with 
the Brix donsimeter, hut the 
results vaiied oonsiderably with 
different varieties of beet and 
also from other caust's It is 

niTon+T+TT + 1 ,^ ,, , usual nowadays to determine the 

quMtify of the sugar m the ]mce by means of the polarunctor (e jr., tho Holpil.VoiitKku- 
Soheibler or, better, the three-field instrument of Sohmidt and Haonaoh , we laler) 

case's?',;.. 

presenoeorabaenoeofpotaBBiumaaltsuithedrainaff?wfttaHo^^o^rm 

however, 16 to 2 qu&tals of uott^ fOTtdkw ^ lugwioral. 

oheimmlfertihserB should be a^dnSutere*^t mteivS^'unol- C !h '^*1 "“r 

manufacturer may refuse the roots owuie to th« a-rnAopi^^™*^ ** otherwise the sugar 

IS the latter reudJed more i^piSre, brSi^sSS “ ulc lflv ""ly 

ongmalfertihty after the dlscovej^f ?he dirittlf^tSm “lift 

a 36*to of March and the middle of April, with 

thTS ha^eHT^f J^^w. Ts to 16 ^ “‘" after 

average weight of 600 to 600 erma fisolo^ “'oots then attain an 

favourable conditions, a hectare vields 300 to 40(1 nul^t i f kilos) and, under 

600 qumtals are obtaolied. wCiTttroiw Ita1Z’n^,^Aft « 

a Ih. wawa „ a « „» tt. WM. ,w fefe to „w„,« 
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A sample of the beets arriving at the factory is obtained by allowing 50 to fall into 
a basket while the waggon is being unloaded, jiloci ng the CO in a 1 * 0 w and taking tlio 
alteniate ones, repeating this operation on the 25, and of the 12 1 ,Iuib obtainc'd eliooHjiig 
one small, one medium, and one large From oooh of these thioe, a longitudinal jioition ih 
removed by means of the Pellet raap^ which gives dii*€*otly a homogoneous jiasti^, the jiiico 
being expressed from this by a hand-pross (Fig 317) Of the wcll-iniKod jiiu*e, 20 04S grins, 
(the normal weight of the polanmoter , see l^ter) are introduced into a 100 c e. nuwisnrnig 
flask, which is filled to the extent of about two-thu'da with watoi and 5 e.c, of basic Ic'od 
acetate solution , after the flask has been well shaken, one or two drops of other are added 
to remove the froth, and the solution made up to volume with water, filtered ill rough 
a dry filter, and road in the polanmoter m a 20 cm tube (sea Infer). 

At the same time the Brix donsimotor is used to dotonnino tlu^ d(uisity, so that tlii^ 
quantity of non-saochanne substance (myi’Snqar) and tho purity may bo eatnnntod. ^PIio 
quotient of purity is obtained by multiplying by 100 the ratio between the ti’iie sugar- 
ooiitont and that (greater) iiidicaiod by tho donainiolor 

The sugar may also bo doteriniiicd by direct extraction for 2 hoiii’s in a Soxlilet 
apparatus (see p. 462) of 20 048 gnus, of tho boot pulp, mixed with 3 e c of basii? li‘ad 
acetate solution, with 75 co of 90 per cent alcohol. Tho alcoholic sugar solutioii jh 
cooled, made up to 100 c 0 with water, filtered through a diy filter, and polarised in a 20-cni 
tube A very sensitive tost for indicating if all tlio sugar has been extracted from the 
pulp in the two hours oonsists in adding to a couple of drops of the lost drainings from the 
Soxhlet apparatus 2 o.c of water and 5 diops of a fresh 20 per cent alooboJio a-napbthol 
solution, and then pounng 10 0 0 of ooncciitratod sulphuric acid (free from mi nc acid) 
carefully down the side of the tQst-tube , in presence of sugar, a violet ring (not green, 
yellow, or reddish) forms at the surface of sepamtion of tho two liquids (^er also p 539), 

EXTRACTION OF THE SUGAR FROM THE BEET. After many and varieil ttnih ideal 
and economic difficulties had been overcome, tho boot-sugar industry became iinnly cstiib- 
hshod and has during the past 40 years assumed great impoiiianco, not only on lu'iioimt of 
its magiutudo, but also owing to its techniool perfection, which makes it a inodid of what 
a great modem ohemiool industry shouldjbo.^ 

end of October) and are poor m sugar, and have soft tissues which readily giv(i up thl^iI• juice. 
In Italy, harvesting takes place normally in August, or, 111 some eascfl, oarluu* than tins. 

When tho beets ore ripe the leaves dry somewhat and, if the roots are not dug ininifMliatf^ly, 
m warm (jlunatos new loaves may bo formed to the dotrimonb of tlio Hugar-cJontiMil On tins 
account the factories are arranged so that they can deal 111 a short time with the whole of tho 
crop Tlio harvesting is carried out m sovoral portions, since tho manufacturer r(»iiiiiixw roots 
not more tlian 3 to 4 days old, alteration occurring on storing 

Beets which have lloworocl promaturoly (m a oold spring or u very dry Hinismi) iiro hard and 
difficult to exhaust, and tJio manufacturer domanris that sueli plants should bo pulled up or, 
at least, that tho flowering shoots should bo supprossod futrof action of tho rools, boHidcH 
injuring tho quality and quantity of tho crop, sometimes damages a largo jiaH of the beet. Among 
the various msoots injurious to tho beet is one which destroys the fcoolo plants 

In sod which is worked insufficiontlv and not deep enough, or is treated too lato with stable 
manure, tho boats tend to form bifurcjatod roots and so givo an iuoreosed amount of wohIc, 
which is not paid for by the manufftcturor. 

The manufacturer usually deducts 5 per cent or, m exceptional (jascs, more, on accoimt of 
admixed stones, soil, etc. As a rule, roots containing loss than 0 per oent. of sugar ate not 
accepted. 

A few years ago the proposal was made that tho dried loaves of tho boot should bo utiliHod 
as fodder, of which Germany alone could produce £8,000,000 worth annually. 

^ History of the Technical Development of the Beet-sugar Industry. - In Iiih 
earheat industrial tnals, Aohard (1786) extracted the sugar by boiling tho bigots in water, 
expressing the juice, concentrating this to a syrupy consistency, and allowing l-o crystolliHo In 
the oold In France, to facilitate tlie separation of tho juice, the beets were disiutegratod i>y 
means of rasps which converted them into a fine paste, this being squeezed in screw pressoH 
and later in for more powerful hydrauho presses. The juice was then defeoatod witli lime and, 
after neutralisation with sulphurio acid, oonoentrated in copper pans. On cooling, crude 
crystalline sugar was obtained. 

In Germany, however, the juice was first treated with sulphuno acid and, after a short rest, 
neutralised with chalk, h^ted with lime and filtered The saooharme solution was oonoentrated 
by direct-fire heat and decolorised with animal ohorooal, albumin, or even blood. The 
crystallisation was earned out m wide, shallow pans. 

In 80P{io plooes use was mode of the old Colonial process of oonoentrating the juioo until, 
pn ogojiing, it gave a danse mass of crystals which was Introduoed mto inverted oonioal moulds. 
Th^ lieinfi the cone was closed by a plug, which was then removed to allow tho liquid to flow 
away,^tti^ i^axdopJ being subsequently removed. 
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We shall now follow shortly the whole of the working of a rational sugar factory as far 
as the refining of the crude sugar and the utilisation of the molasses 

(1) Stonng and Washing of the Beets When the beets are topped and freed from soil 



Fra. 818 


and atones they are weighed (1 ou. metre weighs 600 to 600 kilos) and then discharged 
under long sheds (Fig 318) with pavements slopmg to a longitudmol chaimel ot flume. A, 


Only later, after a proposal made by Weinnoh, was the lime used for defooatiug the juice 
neutralised by carbon dioiEide instead of by sulphuno acid, inversion of the sugar being avoided 
and improved defecation obtamed. At the outset, the carbon dioxide was prepared by the 
costly method of treating calcium carbonate with hydroohlono acid, but later it was obtained 
froin the combustion of coal, and finally by heating chalk m suitable retorts or furnaces, the 
residual lime being also utihsable 

Further improvements were made also m the rasps, as the hvmg colls of the boot, being 
coated inside with protoplasm impermeable to the oolci sacohanne hqmd, do not allow the sugar 
to exude , it is hence necessary to rupture the colls as completely os possible 

A considerable advance was made m 1836 by Pelleton, who mtrocfuoed cold marcriUion of 
the roaped beet with a counter-current of. water. This systematic exhaustion was iinprovod 
by Schlitzenbach, who arranged the vessels of beet-pulp in steps, the water entenng the top 
VMsel and being collected after it leaves the lowest one and then pumped to the top, and so on 
the pulp was exhausted with fresh water and the exhausted pulp replaced by a fresli Hupiily’ 
It was necessary to attend to the oleanlmess of the plant in order to avoid tho development 
of raioro-org^ms capable of mvertlng the sugar. In 1837 Sohtitzenbach suggested the 
prelmun^y drying of the pulp and its extraction with water at 90°, which renders pormoablo 
those cells not broken by the rasp Fesca and Schrottler, on the other hand, oentnWed tho 
fresh pulp directly— just as is now done with the oryatalhsod sugar (aee ter)— and subsenuoiitly 
sparged^e pulp with cold water m the oeiitnfuge itself so as to obtain more perfect exhaustion, 
but all these processes were too expensive and did not give complete extraction of the suirar 
much of which was still lost. * 

It was only after 1866, when the diffusion process was devised, that complete extraction of 
the sugar became possible {see above and Utter) 

Defecation waa also facilitated by separating the organio impiintlos precipitated by the lime, 
not with slow and cumbrous bag -filters, but by the filter-press invented by Needham m 1828 
improved by Kite and employed in defecating by Dan^k m 1862 By this means, working was 
hast^od and cheapened, and further improvement was made when the filter-press was so 
moMed aa to permit of the washing and exhaustion of the calcium carbonate wfih hot water 
m the press itself 

The application of animal charcoal (bone-black) filters, which hod been proposed for other 
mdustnes by Figuier in 1811, proved of considerable advantage m the olariftcation and 
dCGOlorisatiom The bone-black readily fixes tho oolourmg-matters and the chalk, but does 
not retain the sugar. As it becomes ennehed in calcium carbonate, however, it loses its 
decoloria^ property and hence reqmred frequent renewal at great expense. Subsequently 
the aotiWty of the charcoal was restored by treatment with dilute hydroohforio acid to eliminate 
the carbonates and then fermenting at a suitable temperature and with a suitable proportion 
of moisture, in order to destroy much of the orgomo matter, the charcoal was then washed 
thoroughly with water and dried in long iron tubes heated to low redness in a furnace (see later) 
A factory wnth a capacity of 4000 quintals of beetper day should have at its disposal 6000 quintals 
of animal black throughout the whole season The coat of this is considerable, and during recent 
years these filt^ are being dispensed with in the sugar factory, methods of defecation being 
improved and the filters used only m the refinery. ^ 

The sugar solutions were, at one time, evaporated by direct-fire heat, a total of 40 kilos 
of coal bei^ consumed per quintal of beets In 1828, Moulforine and Decquer m Frfenoe 
mfeoduoed the use of steam-ooils, and m 1840 the employment of the Hovard vacuum evaporator 
reduced the consumption of coal to 26 kilos Smee 1862, simple or muHipIe-efPet vacuum 
ova]poratora (Rilheux) have come mtouse, and these, after many Improvements, ^Ve^still further 
cu m i m shed the amount of cool required, until nowadays it is only 7 to 8 kiloi^. - , - ^ » 
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which 18 oovorod with movable boards or gratmgs and has water flowing through it (Fig. 310)- 
The beets sliould not be kept long in those silos, as after a few days loss of sugar ooourfl. 
The sugar- works are, however, designed to deal with a large quantity 
of beets every day (4000 to 8000 quintals), so that the whole of the 
year’s crop may be worked up in 50 to 00 days In order to transport 
the beets to the place where they are first required, the covering 
of the water-channel is gradually removed so that the roots fall mto 
the Avater, winch carries them half floating to the principal elevator, 

B, this separating the mud and water and dehvenng the beets to 
the washer, 0. 

Tlio elevator may consist of a large wheel fitted with a number of perforated plates 
(Fig 320) or of an inohiied screw having a perfomted sievc-plato at G (Fig 321) 

Nowadays, however, the hoots are conveniently raised by applying the pnnoiplo 
of the Mammoth pump {see, Vol I., p 303), which also admits of a more oomploio 
washing 

The washing is carried out in iron or concrete vessels, 4 to 6 metres long and 1 6 to 2 



Fig 319 
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metres wide, furnished with a longitudinal bladed spindle by which the roots ore beaton 
in the water and transferred to the other end of the washer , on the bottom are mdentn- 
tiona or an in ‘lined piano on which any stones collect, to bo discharged from the orifices, 
1) and E (Fig 321) 

In 24 houm suoh a washer oau treat os many os 600 tons of boot, about 6000 hectolitres 
of water being consumed. 

From the washer the beets 
fall into basins, whence they 
are raised by a large vertical 
elevator to a higher part of 
the factory and dropped into 
a double automatic weighing 
maohlne, which disoharges 60 
to 100 kilos or more at a time 
into the cutter or sheer ; in the 
latter they are reduced to thin 
slices suitable for extraction 
by the diffusion process. The 
shoing machine is formed of 
a vertical chamber, A (Fig. 

322), which receives the roots, 

'and tfhe base of which consists 
0 ^ a oh^oular oast-iron plate, C, 

by means of a vertical shaft and furnished with 10 to 16 rectangular apertures, a a 
aiid section, Fig. 323), In these apertures fit cast-iron frames carrying a series of 
; putting lidodes \^hioh form'kmv^ of vonous shapes (Fig. 324), The beets at 
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the bottom of the chamber are foiced by those above a,gamat the rotatiiiK knives and 
so shced. The form of these sheers vanes somewhat in different factories, and in 
some casei the revolving plate has a diameter of 1 2 to 1 6 metro and a veloo ty of 100 
to 140 turns per minute Tho beet-chamber is 
about 1 5 metre high 

At one time use was made of knives with 
several superposed blades at vanous distanoes 
apart, but these give smooth shoes or prisms (if 
cut longitudinally) which readily adhered one to 
the other and hence presented a diminished 
surface in the subsequent diffusion operations 
Good results are, however, obtained with those 
having a zig-zog section (Fig 325) and giving 
shoos having tho fonn of tnangular channels , 
sometimes a blade is placed at tho apex of each 
angle, so as to prevent the formation of wide shoes 
The side of the tnangle in tho blades is 6 to 7 mm , 
and the thickness of the slices is regulated by the 
height of the kmves above the plate, a (Fig 324) 

Centrifugal shemg machines are also used, these 
having kmves fixed to the inner penphery of the 
vertical drum, which receives the roots and projects 
them against the blades Those machines give a 
greater output and uniform workmg, the knives 
bemg replaceable when in aotion The knives 
usually wear rapidly, especially if stones occur in 
the mtenor or m indentations of the roots, and 
they should be changed frequently, os otherwise 
they do not cut cleanly but tear, this resulting in 
slow extraction of tlie sugar m the diffusors The 
knives are sharpened with tnaiigulor files or with 
suitable miUing-cutters 

EXTRACTION OF SUGAR BY THE DIF- Fia. 322. 

FUSION PROCESS. In tho note on p 646 

mention has already been made of the various steps made in tho extraction of sugar 
from beets and of the diffusion process, which is now used and which presents marked 
advantages over eorher methods. The diffusion process is based on the general laws of 
osmosis (see Vol I., p 80) If a soluticn of sugar (or salt or, m general, any or^sballoid) is 
enclosed in a porous membrane immersed in water, the sugar molecules pass slowly through 
the membrane to the outside (exosmosis), while water passes from tho outside to the inside 
(endoBinosia). This process continues until the specific gravities of tho sugar solutions inside 

and outside are identical (equal numbers of 
sugar molecules then pass through tho mem- 
brame outwards and inwards) ; or, if it is 
required to remove all the sugar from the 
inside, the water outside is continually 
renewed The same phenomenon is shown 
by the augar-oontoimng vegetable cells of 
the beet. The envelope of the cell func- 
tions as an osmotic membrane, although 
the sugar mside the cell and the walls of 
the latter also are coated with protoplasm 
which, at the ordinary temperature, pre- 
vents or greatly retards the osmotic flow. 

At a temperature of 70° osmosis takes 
place more readily through the sacoharme 
cells of the beet, the protoplasm then coagulating and the Trails becoming perme- 
able to the osmotic currents. Under these conditions the complete extraction of the 
sugar IS possible (not more than 0 3 to 0 4 per cent, is left). 

The first industrial application of this method was attempted in;^J8e4 by Robert in the 
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celebrated factory at Seelowitz (Moravia), and the lesults wore so favomablo that by 1867 
about thu-ty faotorioH hod adopted it It was soon found, howovoi, tliat dilTiision juices 
were difficult to filter after defecation with lime, but after Jelinok, m 1805, made use of the 
filter-presses first shown at the International Exhibition in London, it became possible to 
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defecate oven with 2 to 3 per cent of lime in place of 1 per cent , which was the maximum 
formerly employable It was then that the idea was evolved of cutting the beets into 
slices to facilitate the osmotic phenomena, the extraction being efTectod by aystematio and 
continuous oxhaustioii in a seiioa of cylindrical vessels containing the slices. Water at 70° 
outers the first cylirulor, carries away part of the sugar, and then passes to the other oylmdci's 
in succession, until it reaches in the last the same density (about 10 to 12 per cent of sugar) 
as the sacchaime juice of the cells of the fresh beet. When the first cylinder is exhausted 
It IS recharged with fresh shoes and placed at the other end of the senes Wliat was pre- 
viously the second cylinder now receives tlie pure water and is hence exhausted, after 
which it IS filled with fresh slices and made the last of tlie battery, and so on. In such 
manner the process becomes systematic and oontmuous, being earned on day and mg] it 
during the whole of the campaign The circulating water is brouglit to a tomperatuio of 
70° while passing from each cylinder to the next. 

Dlffusor Batteries. The diffusors ore vertical iron oylmders witli a capacity of 40 to 70 
hcctols. and a height double the diameter. They aio fiunishod witli an upper aperture 
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for charging with the slices and one at the bottom or side for the discharge of the exhausted 
pulp. 


They are arranged in batteries of 12 to 24 diffusors connected by pipes and valves, 
heating tubes being placed between. For a factory treating P tons of beet per 24 hours, 

p 

diffusors having capacities of hectols. each ore now used. 


The diffusors are often arranged m two parallel rows (Pigs 326, 327, 328), and if they 
a^e then discharged laterally the exhausted shoes can be collected by means of a smgle 
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screw or travelling bond, h, which carries them to the elevators, m , wlicro they aio diHchargod 
through an aperture m the base (Fig 329), two channels with screws arc used 

Sometimes the ditfusors are placed in a nng, as is shown in section in Fig. 330 and in 

plan in Fig 331 The dilTusnrs nn* 
charged by means either of HUH})ondi'd 
tuba coming from the slicing nlal*IlUu^ 
or of an endless belt moving above 
them on rollers and flanked witli a 
fixed plate forming an edge fitted with 
doors corresponding witli tim various 
difiuflors. By opening a door and 
plocmg a plate diagonally on the lielt, 
the shoes are forced of! the latti'r inlo 
a slopmg channel and so into the 
diffusor; this operation is repeated 
until all the diflusora are full. 

When the diffusors arc arrangi^d in 
a circular battery, the shoiiig inaehiiK* 
(Df Fig. 330) 18 placed so that if. 
commands the difTiisors, whieli are 
charged by means of a shoot, 1C, 

A perforated false bottom and an upper perforated disc in each dilfnsor prevent the 
penetration of the beet shoes mto the tubes that supply water or carry off tin* juice 
To avoid accidents when operations are started, the tubes are provided witli Hiifet\ - 
valves Air-cooks on the covers allow of the escape of the air displaced by tlio ^vater 
entering the diffusors Thermometers ore inserted in the tubes to indicate tho teinpi'ra- 
ture of the water and of the ciroulatmg jmco. There are tubes for oold water, tiaiw- 
ference of the juice, washmg water, discharge of the water, steam for tho lioatoi's, and 
discharge of the jmee 

The heaters used to regulate the temperature of’the oiroulatmg juices consist of a si^rii'H 
of steam-pipes {see 6, Fig 327) round which the juice passes A loss rational method of 
raismg the temperature consists m blowmg steam mto the juice , this not only diluti'S tho 
juice but may cause oaramelisation 

Water is supplied to the diffusor battery through two pipes which join just before tlio 
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diffiwor u roMhed , one of these comes from a oold-water oistern 8 to 10 metres above the 
level of the diffusors and the other from the boiler. Mixture of the hot and oold water in 
V® temperature required for diffusion, this bemv^^ 

aW 36“ imd kter 70“ to 76“. to which It is bropjht by the heaters sSmesS 
diagrammatioaUy the arrangement of a senes of diffusors: I to VII, lith the^eateS 


M 
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between them , a-y to are the air-coolcB The jmoe-pipo is shown at the top, and hy to 
& 7 , Cy to C 7 , and dy to denote valves 

Tlio amount of juice oxti acted normally by every diffusor la about 48 to 56 litres per 
hectolitre capacity of the diffusor (t e., 100 to 110 per cent of 
the weight of the beets, since each hectolitre holds 50 to 60 
kilos of slices). The amount of water iicoessar^^ for complete 
diffusion (inoludmg woslung water) is 1 2 to 16 tunes the 
weight of the beet (hence the water-tank should have a 
capacity at least as great as three or four of the diffusors) In 
many factories the proas waters from the exhausted slices 
arc now recovered (Claasseii process), and, together with that 
from the final diffusor, aUoit^ed to settle and afterwards 
rouglily filtered, care being talcen that they do not ferment 
This piocedure is advantageous where uitroduotion of these 
waters mto pubhc waterways is forbidden. 

Pressing and Drying the Pulp. The pulp (exhausted shoes 
containing less than 0 6 per cent of sugar) discharged from 
the diffusors is transpoi’tod by a screw or endless bond to an 
elevator which discharges it into the pidp^ ess {B, Fig 333), 
whore the water it contains (96 per cent ) is removed as com- 
pletely os possible. Presses of various forms are used for this 
purpose 

That of the Klusemann typo consists of a vortical, revolving cone of perforated 
sheet-metal, C (Figs 333, 334), fitted with obhque vanes and enclosed in a stationary 
cylinder, also perforated The vanes, winch are arranged hehcolly along the oono, oom- 
pross the mass of pulp agauist the perforated cylmder and gradually movo it downwards 
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where the space becomes narrower, so that a considerable part of the water is sc[ueezed 
out through the cone and cylinder, which are enclosed in a jacket, B ; all the water is 
carried off by the tubes F, 0, and H, while the pressed pulp is discharged through the 
annular ori^oe, /. An arrangement similar to this has also been combined with the pulp- 
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elevator, which oonaists of an molinod screw, the pulp being thus raised and pressed at tins 
same time 

The Klusemarm press has been improved by Bergroeii and others m order to obtain 
pulp containing much less water and from 14 to 18 per cent, of solid matter Itaeh 1(J(1 
kdos of beet yields about 80 kilos of pressed pulp containing, on an average, 8/5 jier e(*nt 
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of water, 1 5 per cent of ash, 1 2 per cent of protein, 0 27 per cent, of fat, 3*5 per cent, of 
cellulose, and 8 per cent of non-mtrogenous ertractive matter (0 5 per cent, being sugar). 

The pressed pulp is loaded directly on the farmers’ waggons to bo used os fodder, about 
8s per ton being paid for it (pre-war) , but port of it (30 per cent of the amount of bet'ts 
they supply to the factory) is given to them free of cost. If the pulp cannot bo sold irnnio- 
diately, it is stored m silos until sold, but if this is done, it readily undergoes putrefactive 
fermentation, the gasogemc bacteria of which contaminate milk and cause inflation of 
cheese, so that m some oountnes an addition of pure lactic acid organisms is made, those 
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preventing other secondary fermentations and enhancing the digestibility. Where fuel is 
not expensive, it is preferred to dry the pulp at once It is known, too, that fresh pulp in 
silos loses as much as 30 per cent of its sohd matter, which is rendered soluble and volatile 
by bacteria, the sugar bemg converted almost completely mto lactic ooid. Furnace gases 
are sometunes used to dry the pulp. 

Of the vonoufl types of apparatus for dr 3 ang the pulp, that of Biittner and Meyer (see 
Fig 336), which was devised m 1887-1888 and rapidly came into use in Germany, France, 
Belgium, and Austria, gives good results In 1898 sixty German factories were employing 
pulp-dners on this plan. The moist pulp is raised by means of an elevator, p, and dropped 
at f mto on upper chamber, B, composed of four semi-oylmdnoal channels oontaming 
mixers revolvmg m opposite senses which stir and hft the pulp and at the same time trans- 
port it to the mixers of the sumlar chamber below ; thence it passes to a third chamber. 
A current of air at 400° from a furnace enters A at / and is moved in the same direction ae 
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tlio pulp by tlie aapirator, G, wliioh then forces it into the dust chamber, D, and thence to 
the shaft The pulp should issue at a temperature of 110° so that moisture may not con- 
donao on it, and the supply of pulp is regulated so that the final proportion of water present 
IS 12 to 14 jicr cent. 

The composition of the dry pulp is as follows 12 per ceilt of water, 6 5 per cent, of 
ash, 8 per cent of protem, 1 2 per cent of fat, 18 per cent of cellulose, and 56 per cent of 
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non-nitrogenouB extractive substanocss (6 to 7 per cent being sugar). Teats made by 
(aonni (1911) show that the dry pulp is not stenlo, and may hence be harmful to milk 
THE STEFFEN PROCESS. Some years ago Carl Steffen patented (Ger. Pat 149,603) 
a process of extracting sugar from the beet without the use of diffusion, a process resembhng 
that used by Achard 126 years ago (flee Note on p. 646). The beet shoes (oontaming 76 
to 80 per cent of water) are pressed, giving a juice of 20° to 26° Brix, The remaining pulp 
is then heated to 86° with more dilute juice (16° to 17° Brix), which la thus enriched with 
sugar extracted from the pulp. The latter is compressed in a powerful press in the hot, 
the residual pulp being rich m sugar and hence of greater value for oattle-food This 
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process yields less molasses and jirst-jet sugar, while it requires less e\pcn(liiure of 
water, cool, and labour, and a less expensive plant, than when ditfuseis nro used l^’or 
each 100 kdos of beet there are 45 htres of water less to evaporate Tlio Sti'fFeii api»aratuH 
is shown diagrammatioally in Fig 336. The beets pass into an ordinary slitor, 7/, and tlu' 
shoes fall into G and then ilito a horizontal cylinder, M, containing the jineo heated to 
95° to 98° (600 htres of this jmoe and 100 kilos of cold shoes give a mixture at 85^) A 
horizontal screw, Z, transports the shoes to T, where they meet a doublo-jocketed (the 
inner casmg perforated) worm-conveyor, F, which raises them and presses them to hoiik^ 
extent, so that the juice runs back mto M. At the top of this conveyor they are diHchnrged 
mto a press of the type described on p 561 (Figs 333, 334 ). The exprossed juice returns 
through the tube, V t to M, while the pulp falls into Y and is convoyed to the drying api)arn- 
tus. In order to mamtom the jmee at a temperature of 85°, part of it is continually forcwl 
by the pump, P, through the tube, Xg, to the sieve, then to the hoatiT, and through 
X 3 to the oyhnder, M ; if necessary, steam is mjected by mesans of the injector, (\ In 
order to dilute the jmee m so as to keep it always at 15° to 16° Brix, ddute sugar solu- 
tion from the washing of the defecation mass in the filter-presses {sea hiter) is introduced 
both directly mto the oyhnder, Jlf, at i 22 "the inchncd conveyor at 1 'ho (access 

of jmee flmva contmuously through the funnel, A, to the sieve, Xj, which retains fuu'Iy 

divided pulp, an<l tluui 
tlirough tho tube, Xj, to tlu* 
defecation apparatus. 

This process adibits of 
the rapid ti*oatmc'nt of larger 
masses of material, whu^h is 
heated to 85“ in 2 to 
3 minutes and yields 70 
to 80 per coat, of juices purer 
than dilTusion juice and 
about 30 per cent of pulp 
(containing 70 jier cent, of 
water and 10 per cent, of 
sugar), which, after drying, 
eontaiuB 10 per cent, of 
water, 7 6 per coni, of pro- 
teins, 0*4 per cjont. of fat, 
10 per cent of oiJluloSo, 36 
per cent, of non-nitrogouous 
extractive matters, 52 
cent, of sugar, and 4 per 
cent of ash , the expense of drymg m Germany is about 6 5(1. per 100 kilos of tho dry 
pulp 

The dimmution of 2 to 2 6 per cent m the yield of commercial sugar is compeiisatud 
in vono^ ways , the dry pulp is worth about three tunes as much os diffusion pulp and 
before the War was sold m Germany at £5 IO 5 per quintal, in addition to which the diffusum 
process leads to vanous small absolute losses. 

It must be admitted that, after many tnals and much discussion, during recent years, 
the most competent teohmool opmion vanes with regard to the advantages claimed by tho 
e en process It 0 ^ however, be stated that only the most efficient diffusion plant 
can compete with the Steffen process, which up to the present has been found most advan- 
tageous m ^tnete and m seasons in which pnoea for the dned soooharino pulp are more 
favourable than those of raw sugar * 

^ faotones m Germany alone produced 130,000 tons of sugar by tho 

Steffen process “ 

^d tlmt res^ti^ from the pressing of the exhausted pulp are used direotly for the extrao- 
taon of the ahoed beete m the difiusors la this maimer aU the soluble substances of the 
beet are returned and utUfaed. so that an moreased yield of sugar is obtained with a 
^i^ed consumption of water. This process requires, however, much supervision 

The new process devised by H;^o3 and Bak employs more perfect machmery than the 



a k I 





DEFE CATION 


555 


Steffen process, yet is identical with the latter in many points , the lioatuig to 85° is, 
however, corned out m three stages and the final pulp is not dned. This piocoss has boon 
little used, but, according to Horzfeld, could bo combmed advantageously with the Stolfen 
process. 

Other processes, such as those of Bosse, Naudot, Garoz, etc , are concerned raoinly with 
the rapid heating of the slices below the slicing machine, pressure or diffusion then being 
employed 

Juice Measurers. Those are special automatic apparatus used to moasuro the juice 
extracted at intervals from the iffusors, eaoh such quantity of juice being registered 
automatically on a atnp of paper together with the time elapsing between one discharge 
and the next. This paper serves to control the working, wlule it also indicates any stoppages 
taking place. The underlying prmoiple of such apparatus is the same as that on which 
alcohol meters {see p 173) ore baaed 

The juice is then discharged through coarse filters to remove vegetable fibres, winch 
are eventually rejected , its concentration is 13° to 16° BaDing (11 to 13 per cent of sugar) 
and its colour dark brown, and it is subjected to fuitlier treatment to prevent its alteration. 

This dilute juice is turbid owing to the presence of peotic substaiioes and other sus- 
poiidod impurities, and tends to undergo acid or alcoholic fermentation, as it contains 
spores winch have withstood the temperature of the diffusors The peotio matters ferment, 
yielding two mucilaginous acids (Pectic acid, CgaHiiOgo, and Pectosmic acid, CgaH^aO^i) 
which render the juice highly viscous and partially invert the sugar. TJio juice contains 
also potassium quadrantoxalate and minimum proportions of invert sugar, citric and malic 
acids, cholesterol, resm, conifonn (which may undergo hydrolysis yielding coniforyl alcohol 
and then, by oxidation, vanilhn ; the latter sometimes flavours the raw sugar shglitly), 
catechol, glutamine, betame, allantoin, and lecithin. Decomposition of the morgamo 
ammomum salts always present and of the glutamme yields ammonia, whicli is evolved 
dunng the concentration of the jiuoes 

DEFECATION WITH LIME When the fresh juice is treated with Jimo, if the latter 
IS not in excess, insoluble calcium peotatoa separate and part of the sugar may form solublo 
monooalcium suorate {see p 639), but if excess of hmo is present, the juice is IiahJo to lactic 
and butyric fermentations, with development of unpleasant odours. If tho Juno is added 
to tho hot juice no fermentation occurs and part of tho orgamo inipuntios is precipitated, 
part also being carried down by tho calcium oarhonato in tho subsoquont saturation with 
carbon dioxide The latter also decomposes the monocoloium suorate, liberating tho 
sugar. Tho potassium oxalate is precipitated as calcium oxalate, soluble potash being 
liberated ; tho citric and maho acids and vanous colouring materials ai’O also precipitated. 
A small portion of the calcium oxalate redissolvos in the saccharine juioo. 

Tho treatment of tho j moo \nth hme is carried out at 86° m suitable vessels jirovidod 
with stirrors Tho hme is added in the quantity previously determined m tho laboratoiy 
(2 6 to 3 6 per cent ), and may bo as lumps or powder, m which case it hoAts the juico, or 
111 tho form of imlk of hme, the oonoontration of tho latter being measured by moans of 
automatic floating densimeters, which give tho quantity of Iinio prosont Kowalski and 
Kosakowski have shown that if, os was long ago recommended, the juice is well agitated 
during dofooatioii and boating (for 16 to 20 mmutes), tho total quantity of lime required 
may be roduood to as littlo as 1 5 per cent Tho limo in the jiuoe is ostimatod by moans of 
soap solution (Polloi’s method) m a way similar to that used to detormino tlie liardnoss of 
water (Vol L, p. 230). 

The defecation is followed iinmodiatoly by carhonatation or saturniim with carbon 
dioxide ; m some factories the defecation and oarbonatation ore carried out simultanoously 
and oontmuously. Tho oarbonatation is effected at 70° to 76°, sinoo at a lower tempera- 
ture tho monooalcium suorate forms a volummous double salt rondoring filtration difficult. 

Tho operation of saturation with carbon dioxide must be controlled ngorously and 
continuously m the laboratory, since it is the principal source of loss.^ 

1 The lime and carbon dioxide used m sugar-works are geuerally prepared in a vortical 
lime-furnaoo {see also Vol. I , p 016), the upper outlet of whiim oommunioatoa with one or two 
water-cisterns, into which the gas is drawn by an aspirator to bo washed and cooled before 
being conveyed to the saturators. Ohalk of good quality (free from, iron and containing little 
su^ate or sihoa) is used and is mixed with 9 to 10 per cent of coke (anthracite should bo avoided, 
in order to prevent the presence of odorous and tfiiry impurities in the gas). The gases oontam 
about 30 per cent of 00*, and the size of the suotion-pump is calculated on tho basis that every 
quintal of lime produced corresponds with at least 300 on. metres of gas, The treatment of 

36—2 
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In order to avoid the nek of rediasolving the calcium oaiboiiatc (aw hicurhonalc), Uk' 
saturation is first earned on for 20 to 40 minutes at a tcnii)eratuit' of nnirlv !JO' nnlil a 
certain degree of alkalinity remains (0 11 to 0 13 per cent ) , lh(' jiiicc* jm Humi (iIlcMcd, 
heated, saturated again for about 16 mmutes until the alkalinity falls to 0 02 to 0 04 and 
finally filtered a second time. In Austria and 
Bohemia, however, ahttle lime (0 6 to 1 per cent., 
leaving an alkahmty of 0 06 to 0 07 is added 
before the second saturation m the hot (96°) The 
jmoe IS then filtered and the third saturation oairiod 
out at 100° (10 mmutes), the alkohiuty being 
reduced to 0 01 to 0 03 After a fresh filtration, 
the juice is thoroughly heated for a long time in 
another boiler, agam filtered and despatched to the 
concentrators In some factories the third satura- 
tion IB now made with sulphur dioxide, which has 
a greater purifymg action than carbon dioxide and 
at the same tune decolorises the solution Liquid 
sulphur dioxide may be employed, but it is cheaper 
to produce the gas m furnaces {see Vol. I , p 278) 

111 some works contmuous saturation is practised, 
but without great advantage 

The u-on saturation vessels (Figs 337, 338) 
formerly used were provided at the top with a 
large tube for the escape of the excess of gas. That used for the lii’Hl- Haluratinii w 
7 metres high, but is filled with jmee only to the height of 2 mctri'H (31) to 6(1 IiccIoIh ), IJic 
remamder of the space gradually becommg filled with a deimo fioih , that for tin* hih'oiuI 
saturation is 3 metres high, less foam bemg formed iii this oaso (a larg(‘ natural ion cliarnbcr 

IS shown m Fig. 339) If too much froth forniH, it can lie 
reduced by the addition of a litth^ coconut oil 

The jmee is heated for the fiivt Hiituratlon bv iik'Hiih 
of a steam-coil, and the carbon dioxuh' ih introduced at 
the bottom by a porforatcHl tube, h A glass jh insert cii 
to permit of the operation being vicwi'cl, and a closed 
orifice, Ey serves for the inspection and cleaning of the 
interior 

The completion of saturation is shown by ])licnoI- 
phthalem paper, which coascs to turn \iolct Trained 
workmen also carry out titrations 

A plant for saturation with suliihur dioxide is Hho\ui 
in Fig. 340 The air-pump, A, feeils tlic sulphur furiiaei', 
B, and the mixtm-o of air and siiljihurous acid tlitui 
passes through the tube, C\ into thii saturator, tlit» 
excess issuing by the tubes, E 

Behm, Dammoyer, and Sclmlmeycr propose to jiurify 
the jmee at 76° with a current of 40 to 60 ainpen^s at 
6 to 8 volts for 8 to 10 ininutes, using /.inn oleu'- 
trodes This treatment seems to result in the dtqinsilion 
of vonous orgamo impiintioa, but, although iironiising 
well, the process has not been adojiit^d. 

Filtration of the Defecated, Saturated Juice, 'riio 
precipitated calcium carbonate is separated by passing 
the jmee through fiUer-presseSf^ which allow the clear sugar-juico to pass through and 

6000 qi^taJs of b^t pr 24 hours requires about 300 quintals of dialk (occunyinif, in lunius 

a Med-m one at B (J^s 341, 343). The latter la ^ed in with aheeW^nV ooved on both 
ten ’r horizontal ohannela oommunioatinf with a ainglo 

tap, r (]^ 343), or / (^ 342) , the grooves of the two sides are covered \5th a oerforated 
plate On the empty frames are stretohed cotton or linen cloths, which form two filtering 
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retain the snspended impuntiee and the calcium carbonate iti the form of cakes, which, 
after being washed, are reathly extracted by unscrewing the press and leinovnig the 



Pm 339 


frames , they fall mto conveyors or truolcs underneath, and are often used os limo 
fort Jisers. The first wash- water is added to the filteiod juioo, while tho last is used to slake 
the lime for defecation. 



Pro. 340. 


The filtering surface of the filter-presses necessary after the first saturation is oalon- 
latod at 0 6 sq. metre per ton of beet worked m 24 hours , after tho second saturation 0'26 
sq metro Buffl oes The pressed cakes of ohalk form 12 to 14 per cent of tho weight of tho 


squeezed together and agoinst the 
atrongthened block, P, by the acrew, V, ao that hermetic jointa are formed at the edges of all 

with bored projections, a and h, at the top anfbottom. 
Wien the frames are joined up, the holes m the projections form two oontmuous channels 
The turbid juice mtors at a and thenM passes through into all the empty frames, the air 
being forced out from th^ through the valve, d %en d is olosod, the jmoe passM rad® 
pressure through the cloths on the two sides and the clear liquid flows doim the grooves and 
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teeta (i.e., four times the weight of quicklime used) The waeliuig of these cukes reqiuie 

1 litre of water per kilo i + f 

After the second and third defecations, use is often made, not of filU'i-i)n‘HHeH hut of 
mechanuMl fitters (Fig 346) which also serve for removing suspondod matter mid lesiducs 
of the shoes from the diffusor-juice 

During the whole of its course from the dilTusors and saturators, the' juiot* ih |*^^* *-^ 
pressure and should rise in temperature from 70° to 100°, but since boat is lost in a t le 
pipes, in order that monocalcium sucrate may not be deposited or the liquor beeonu^ tui )i( , 
the use of hBaters is necessary for the first and second saturation juices, ete. 

These heaters consist of a species of tubular boiler divided into three parts by two 
plates, p (Fig 346) , eaoh of the two end parts is divided into 10 chambei*s, oomniuiiieating 




Fig 344 


in pairs at the two ends alternately Opposite chambers ore connected by groups of long 
tubes, 4 to 6 cm. m diameter, through which the juice oiroiilatcs ; steam enters at 
follows a smuous path round the partitions, 7, and finally issues at D The juieo emtors 
chamber 1 of compartment I at A, and passes through the tubes to ohambor 1 of compart- 
ment II, then to chamber 2 of compartment II, through the tubes to chamber 2 of com- 
portment I, and so on, until it reaches chamber 10 of compartment I and henoe leaves the 
heater at B. 

is discharged at r mto the tank, S, When the frames, A, or© filled with calcium carbonate, 
the latter 18 washed with water to remove the sugar it retoma, Smoo only the alternate grooved 
plates communicate with the tube, &, water mtroduoed under pressure at b will pass through 
the cokes of calcium carbonate m the direction of their thickness and into the grooved plates 
(not commumoatmg with h) to he discharged at the taps r In this way, eaoh cake is brought 
mto thorough oont^t with the washing water, which can bo measured in S, 

In other filter-presses there are no empty ^tes (Fig. 344), but eaoh of these has a central 
aperture over which the filter-cloth, with a hole exactly m the middle, is screwed with a ring 
from both sides. The juice is mtroduced into the chambers between ^jaoent plates, and the 
wash-water posses xmder pressure mto alternate (odd) plates from the tube, m, traversing the 
cakes, and collects m the other alternate (even) plates wMoh oommumoate not with tn but with kf 
the wash- water bemg thus discharged; the air is initially discharged from the odd frames 
through ♦ Eaoh press contains 20 to 60 plates, each 8 to 6 cm. tmok, and with a length of 
side 60 to 100 cm. The juice to be filteredT is pumped m under a pressure of 3 to 4 atmos. 
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CONCENTRATION 

After the third saturation the Juioe passes into a final heater or hoilerj where it is 
thoroughly boiled but not under pressure The juice is moved by means of pumps, a 
separate one being used after each operation (for raw juice, first saturation juice, second 
saturation juico, eto ) ; double-action 
piston pumps or Girard pumps, with 
an efficiency of 80 to 85 per cent , are 
emiiloyed 

Whon the tax is based on the 
volume and density of the defecated 
juice, before the latter goes to the 
evaporators it passes into tanks under 
the supervision of the Inland Revenue ‘ 
autliorities, who measure the density 
at 86° to 90° and then reduce it to the 
normal temperature by means of tables 

CONCENTRATION OF THE 
JUICE. The defecated, saturated, 
and filtered juice is pale yellow and 
perfectly clear , it contains 88 to 00 
per cent, of water, 10 to 11 per cent 
of sugar, and 0 8 to 1 per cent, of -salts. 

The formation of crystallised sugar 
reqmres first considerable Gvaporati(m 
or concentration and then boiling 

The concentration of the dilute 
j‘uices IS one of the most important ^ ' 

problems m sugar footones, the pre- 
paration of 74 tons of maaseemte con- 
taming 7 per cent of water from 600 

tons of beet with a sugar-content of 12 per cent involving the evaporation of 426 tons 
of water Enormous economies are effected by evaporating or concentrating at reduced 
pressure, which also prevents excessive colouring of the juice, since the boiling-points 
of hqmds are lowered os the pressure is reduced.^ 

^ The boiling-point of water for different degrees of vacuum is os follows (Regnault-Claosaen) • 
with a vacuum of 60 mm., 98 1° , 100 mm , 90 1° , 160 mm , 04° , 200 mm , 91 7° , 
300 mm , 80 6° ; 400 mm., 80 4° ; 600 mm , 72 6° j 000 mm., 61 0° ; 060 mm., 63*6° , 700 mm., 
41*7° , 720 mm , 34 2° ; 740 mm., 22 4° ; 760 mm., 11 8°. It must, however, be remembered 
that sacoharmo solutions boil at higher temperatures than water. Thus, under the ordinary 
proBBuro, a solution containing 30 per cent, of sugar boils at 100 0° , 00 per cent., 103*1° , 
80 per cent , 110*3° , 86 per cent , 1I6°. 

The boiling-point of a liquid for a given degree of vacuum is obtained approximately by 
Dllhnng'a law, oocorchng to which the oifleronoo between the boihng-pointa oi a liquid at two 
difiorent prossuros boars a oonstant relation to the corresponding diltoronoo for a fleoond hquul 
The values of tins oonstant, q, whon the second liquid is water are given, for a number of liquids, 
111 Uio following table, which gives also the boiling-points under various prossuros 


Sul)StivnGe 

Coufitont 

Vacuum In mllUmotros 



0 

620 

Oil 

710 

7C0 


DolUng-polnt 

Water 


100- 

70* 

80* 

40" 

10 

Aloohol 

0*004 

78*26 

51*14 

42 1 

24 02 

-3 1 

Ether • 

10 

34 97 

4 97 

-6*03 

-26*02 

-66 03 

Aoetio aoid 

1 104 

119 7 

84*08 

73 17 

40*84 

16 

Benzylideno ohioride 

1486 

210 0 

166*5 

]60*0 

120 9 

78*4 

Bonzaldehyde and benzyl ohioride 

1853 

178*0 

133*4 

113*0 

96 8 

66 2 

Benzene . 

M26 

80*36 

46*01 

36 38 

12*86 

-20*9 

Turpentine 

1*820 

159 15 

110*28 

106 

70 81 

89 64 

Butyrio aoid 

1-228 

161*70 

124'86 

1116 

87*02 

51*2 

Glycerol . . ... 

1-26 

200 

262*6 

240 

216 

177*6 

Meronry ... 

2 

367*26 

207*25 

277 26 

237*26 

177*26 

S.Naplitliol ... 

2 

290 

280 

210 

170 

110 

Phenol , . . , 

12 

178 

142 

130 

104 

70 

Oreaol ... . . 

1*2 

100 

154 

145 

118 

82 
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Til© commonest type of vacuum apparatus with a single vessel or off el is the splieroulal 
form shown in Fig. 347, which is steam-heated and is simple and inexpensive, and is often 
used in small works dealing with alimentary and other products 

In multiple-offet apparatus the evapoiation bodies are simply large wroiiglil oi east 



Fig 346 


iron (formerly copper) boilers surrounded by an insulatmg earth. These bodies are of 
various shaiies and are placed sometunes vertically and somotiinos honzontally. They are 
usually divided (Fig 348) mto three compartments by means of two partitions, hold rigid 
by a number of brass tubes, 2 to 2 6 cm in diameter, connecting the first and tim’d com- 
partments. In boilers witii horizontal tubes (Figs 349, 350) the steam ciroulatca in tlie 

tubes in a similar iimnnor to iht' 
juice m the heater described abovt^ 
(Fig 346), while the juice surrounds 
all the tubes In vertical bodies 
(Fig 348) the steam, entc'nng at ^*1 
and issuing at B, circulates in tlus 
chamber between the two partitions 
and heats the numerous oonnocting 








Fig. 347. 


Fig. 348. 
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iiiboa Tlio Haoolianiic solution la thus brought into a condition of vigorous ebullition 
and circulates rapidly between tho lower and u^ipor chambers, as indicated by the 
allows 111 the figuio The level of the liquid, wluch can always be controlled by the 



external glass tube, a, is kept just above the tubes , m tins way, leas froth is formed, the 
free vapour space is iiioroasod, and danger of oaramelisatioii is avoided Tho boiling may 
bo observed through tho window, r Iii order to separate tho drops of hquid carried away 
in tho steam, about two-tluids of tho way up tho boiler is plaood a iilato, P, with a largo 
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central aporturo, C, above which is arranged a kind of metal umbrella, p, at a height adjust- 
able by tho lovers, e, w, and L This height is chosen so that tho liquid condensing above 
P contains no sugar 

Figs, 349 and 360 show a high-power horizontal evaporator of the Wollnor-Jolinelc 
type, and Fig. 361 the orrangemont of the pipes therein. The heating tubes occupy only 
the lower part and are covered by a thin layer of the sugar solution, tho steam passing 
through a long length of tubing. 

In a triple-efPet plant (as in Fig. 362) the first efPet or body on the left is charged with 
solution previously heated in A and is heated in D by steam at 112° entering the bundle 
of tubes E at G. The steam from tho liquid in the first effet, which boils at 94 6° (vacuum 
112 mm.), posses through the wide pipe H and is condensed round the tubes of the second 
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effet, where the boilmg-pomt is 77 4° (vacuum 442 mm ) The steam from offet 2 i)asst‘H 
through H to be condensed round the heatmg tubes of offet 3, which coramiinioates directly 
by K with the barometric columns LNQ and by 8R with the vacuum pump of effet 3 which 
gives a vacuum of 608 mm m J’, the hqmd thus boding at 60°. The pipe, K, convoys the 
steam from efiet 3 to the 


chamber, L, furnished with an 
iron barometer tube, Jf, at 
least 12 metres long, which 
dips mto a well or water-tank, 
T The condensation water 
collects m the tube, Jf, to a 
height oorrespondmg with the 
vacuum formed m L, and hence 
m the effet 3, but the majonty 
of the steam condenses m the 
chamber, N, mto the top of 
which the tube, 0, mtroduces 



a fine cold-water spray which ggj 

produces an abundant and rapid 

condensation of steam and a considerable lowering of pressure, so that a largo quantity of 
hot water passes mto the vessel, U, from the barometer tube, P. A little steam oondonscs 
m the chamber, Q, commumoatmg by the tube, S, with the suction pum^D which maintains 
the vacuum. The vacuum pump may also be oonneoted, by means of three narrow tubes, 
with the three evaporation bodies, m which the vacuum may be regulated as desired. It is 

evident that m the three 



evaporation bodies, os2)o- 
oially m P, the water must 
not be kept at too high a 
temperature, so that it 
may not evaporate in its 
turn and may help the 
condensation of the steam. 

In small plants use is 
made of simple horizontal 
evaporators with bundles 
of heating tubes on to 
which the liquid falls m a 
thin film in oontmual cir- 
culation, whde in Kest- 
nor*8 evaporator the liquid 
circulates in a thm layer 
in a system of vortical 
tubes {see Vol L, p. 663). 

In various industries 
special methods of con- 
centration of solutions are 
applied, and of these the 
following may be men- 
tioned. 

The solvent may be 
frozen and removed in the 


sohd condition. Monti 

(Ger Pat. 194,236, 1907) suggested the mdustrial apphoation of this process, which finds 
a use particularly m the wine mdustry but is not oonvement in the manufacture of sugar. 
The Honigmann-Kayser system of evaporation is described in Vol. L (p. 608). 

The auto-oondeuser evaporator of Prache and BouiUon is based on the principle that, 
if steam emitted from a boiler at a certain temperature is compressed, its temperature is 
raised so that it may be used to heat the hquid m the boiler and thus cause continuous 
evaporation. This evaporator has been developed and him now reached a state of high 
efficiency. 
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A soinewliat sinular method has been apphod, in wluch use is made of a turbo-com- 
pressor of the ZooUy typo giving an energy efficiency of 60 per cent or more (!Fig. 363) 
In this apparatus the liqmd to be concentrated passes into the vertical boiler and is first 
heated by live steam ciroulatmg round the system of tubes When the hquid boils the steam 
is drawn off at the top to the turbo-compressor, which compresses it and forces it round 
the heating tubes, as shown by the arrow This compressed steam is condensed and thus 
evaporates the liquid to be concentrated. Thus the turbo-compressor functions as a thermal 
pump, transforming inechamoal energy into thermal energy. After evaporation has 
started, very little live steam is required. This system is practicable only when very cheap 
oleotncal energy is available. It is not apphcable under reduced pressures and eaimot bo 
used with liquids giving vapours which attack the raetalho parts of the turbo-compressor 

In factories whore there is not an abundance of water (that required by vacuum plant 
IB ten to twelves times the quantity of juice to bo conoentiated), it is convement to utilise 
tlio hot condensed water from the stoam-ongines (an engine of 360 to 400 h p requires 
about 1 on metre of water per minute for condensation) and that from the vacuum ooneon- 
tration batteries This water is cooled in suitable atimsph&nc coolers^ T (Fig 364), so that 
it can be used in the barometrio tubes and also for the washing and hydraulic transport of 



tlio boots The tank, K, oorrosponds with that marked XJ m Fig. 362, A pump, A, forces 
tins water to the top of the pile, T (see also Vol. I., p. 668), whence it flows down over the 
faggots built up under a Idnd of hood, which produces a strong upward draught of an and 
so evaporates and cools the water from 60° to 60° down to 25° to 30°), The latter 
collects underneath in the tank, f, and is then transferred by the pump, M, to the chamber, 
F, whore the dissolved air is sepaorated and passes out through the pipe, g (higher than (?). 
The water rises in the tube, (?, to the top of the barometno condenser, 0^ which is evacuated 
by the pump, 5, and the tube, n ; the pipe, V or S, oorresponds with the tube, K, of the 
preceding figure and oommunioates with the third evaporation vessel. 

Other more efficient arrangements are also used for the cooling of the hot water. Fig 366 
shows a system consisting of numbers of vertical rods arranged in layers crossing one 
another in a manner similar to those of the apparatus depicted in Figs. 249, 260 (p. 343) 
The hot water, entering by the pipe, At is distributed homogeneously by means of the 
tooth-edged channel, C, and ooHeota m the vessel, B, underneath ; the air drawn upwards 
between the rods carries with it a cloud of steam. Another arrangement is shown in Fig. 
366 ; here a wooden cap or cover fi-ts over wallfl composed of sticks arranged m the form 
of Venetian blinds, while at the bottom a Flbrting mjeotor produces a powerful jet of 
pulverised water m the shape of an inverted cone. The upward aor-ourrent evaporates 
the water while tlfe latter ascends or while it flows down m a thin film on the boards (m 
this manner only 4 per cent, of the water is lost). Equally ingenious and simple is ihe 
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cooling effected by forcing the hot water under pressme into a cu’oular pipe fitted with 
a number of Korting iiulvensers, catching the water m a laigo tanlc and, if ncHii't^Hary, 
passing it agam through the pulverisers (IHg 367) , but by this proooduro inoi'o than 10 
per cent of the water is lost. 

In those seasons of the year and on those days when the air is warm and dry, tlu' tt‘m- 
peratuie of the water can generally bo reduced to that of the air, but if tiu' air is cold 
and not very dry, the temperature of tho water remains 6° to 7° above tliat of the ui.nu>- 
sphere 

BOILING OF THE CONCENTRATED JUICE. The juice from tho evaporators has 
a density of 28° to 30° B6 ( = 60° to 65° Brix) and an intense brown colour, and in ordt^r 
to induce crystallisation of the sugar it is necessary to concentrate it until not inoii^ than 
15 per cent of water remains (85° Brix) This concentration oi haihn{} is earned out in 
simple vacuum boilers or vaciimi pana^ the juice being first filtered through nieehanical 
filters, collected m tanks and drawn mto tho pans winch are already evacuated. 
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These pans resemble ordmary evaporators and are made of sheet-iron , they may Ik*! 
either horizontal (like that shown m Pigs 349 and 360) or vertical. In tho lowiT jiart of 
the pan is a dense coil of copper or brass pipes arranged either in a zigzag manner or in 
ooncentno circles, ajid through these passes the steam (Pig 368) ; in some oases, however, 
the bottom of the pan is steam-jacketed (Pig 359) The concentration or boiling is earned 
out at as low a temperature as possible and the pan is fitted with a froth-separator {see 
Pigs 348, 349), a tap for the removal of test-samples of the moss towards the end of tho 
operation, and a wide discharge pipe, K, 

The first thing to be done is to evacuate the pan by oonneoting it with tho oondensor 
and with the va.Guum pump. Next the cock of the tube dipping into the oonoentrated juioo 
tank IS opened, the req^mred quantity of jmoe bemg allowed to enter. Steam is then passed 
through the heating tubes During the boilmg, the levd of the juice is not allowed to fall 
beneath the top of the heating tubes, smoe otherwise sugar would dry on these tubes and 
be decomposed , so that fresh oonoentrated juice is mtroduoed from tune to time. At a 
certam stage of the odhcentration small crystals begm to form and gradually increase in 
size The operator extracts samples and spreads them out on glass m order to ascertain 
the size of the crystals and the density of the moss, and when he oonsidera that sufficient 

of this maaaecuite — consisting mainly of crystals with a certam amount ef dark molasses 

has been deposited on the tubes, the heating is stopped and the ordinary pressure estab- 
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lishod in tho pan The whole mass is then dischai'ged from the outlet, Ky into a largo vessel 
furnished with aturcrs, where it la gradually cooled and the orystalhsatiou completed 
Tho boiling and disohargmg of tlic maaaecuito occupy altogether about 10 hours. Fig 360 
shows a battoiy of Bock cylindrical crystolbsera fitted with stirrers 

Larger crystals are obtained by adding to the ciystallising vessels a little unboiled juice, 
which lowers tho sugar-content somewhat and retards the orystallisation When no further 
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Fig. 360 




crystallisation takes place, tho mass is disoharged, by means of a paroohute at tho bottom 
of the orystalhser, into tho oentrifugcs, which readily separate tho liquid molasses from 
the solid sugar 

Tins process of boiling is termed boiling to grain to distmguish it from tho boiling to 
thready now uHorl only m refining. In tho latter ease tho boiling is not continued until 
cryslalH form, tho proper density of tho boiled juioo being osoortained by squeozmg a drop 
botwooii tho lingor and thumb and thon sharply withdrawing the linger ; if a filament is 




Fig 367. 


thus formed, the boiling is not finished, but tho breaking of the thread with formation of 
two projcotions indicates the end of tho boiling. The syrup is then poured into moulds, 
which are kept lukewarm until the whole mass sets to an almost sohd block composed of 
finer crystals than in the preceding case 

CENTRIFUGATION OF THE FIRST MASSECUITE. The centrifuges for tho 
cuUt have drums of perforated steel with an inner coating of fine-lneshed gauze. Tho 
diameter of the drum is about 80 to 100 cm., tho height 40 to 46 cm , and the speed of 
rotation 800 to 1000 per minute. The motive force is apphed underneath, and the oentn- 
fuged sugar remainmg in the drum is discharged either above (Fig 361) or through a door 
which can be opened in the base of the drum (Fig 362). The maasecuite is passed directly 
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from the orystoUisers to the centrifuges, and, m order to effect more complete separation 
of the molaMea adhering to the surface of the crystals, especially in the layer adjacent to 
the gauze, so-called covering or ctearing ib resorted to , while the centrifuge is still in motion. 
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jftjjlpagar is sprayed with finely divided cold or tepid water (Fig. 363), or even with a jet 
ofsteam apphed inside or, better, to the outside of the basket, the molasses bomg thereby 
rendered more hquid. This procedure naturally gives a whiter raw sugar (first product) 
but in diminished yield, a small part of the sugar bemg earned away with the molaasos by 
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Fig. 360 

the water. This loss is diminished by using, in place of water or steam, sugar juices (syrups) 
gradually moreasmg m punty, so that the molasses and less pure syrups are removed and 
the sugar left covered with a solution of pure sugar. In. this way minute, moderately white 
crystals of sugar are obtamed, and these are sometimes placed on the market without 
refining, but the pubho suspects them of being adulterated and prefers quite white crystals 
or cubes. 
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The molasses from the ceiitrifugatjon of the first massociuto, after separation of tlio 
first-product sugar (first runnings), is further oonceutratocl and boded m si/ruji wJiicIi 
are similai’ to vertical evapora- 
tors and are worked under a 
vacuum, but aie usually of 
single efFet The boding is con- 
tmued until the syrup gives a 
long thread {see ahove)^ the im- 
purities present preventmg 
boding to groin. 

This second ^nasaccutte is 
then placed m largo tanks in 
the molassea room, where it is 
kepi for 25 to 30 days at a 
temperature of 35° to 40°. The 
blocks of crystals wluoh sepa- 
rate are broken up with suit- 
able bladod inaoliines, and are 
then delivered to the ooiitri- 
fuges by means of screws or 
piston pumps The resulting 
second -product sugar is rather 
yellow. The molasses which 
then separates is further con- 
centrated and the third massecuito sent to the molasses room, but no more sugar 80 })aralc‘s, 
since the various potassium and other salts present prevent about five tinu's tlieir own 

weight of sugai from oiystalliHing This 
molasses is honue sold as it is for tlu^ pre- 
paration of cattle-foods or for the manu- 
facture of spirit {see p. ](]()) Tu soincw 
countries, however, it is treated by Hjieeiar 
processes for the oxtraotion of the sugar 
still present.^ Every 100 lalos of beet 
treated yield 1 t<i 3 kdoa of molosHos. 

The first- and second-product HUgai-H 
from the ooiitrifiigos are sent to the stores, 
whore they are flioved to break up the 
orusts, which retain molaasoH. The two 
products are often mixed, put uj) in bags 
holding 100 kdofl, and despatched to the 
refinery 

SUGAR REFINING The raw sugar 
{first and second products, with a purity 
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^ In some works the second product is obtained 
much more rapidly by the Bock or the 0 rosso 

f irocoBS In the first of tlieso, the molasses is not 

eft for 25 to 30 days in the molassas room but 
IS oiyatalhfled in 4 to 5 days by ooiitmually 
shaking in large, jacketed drums heated to 00" to 
05° and adding a oonsldorablo quantity (25 to 
30 per cent ) of crystallised sugar It is then 
allowed to cool slowly, but at certain times it is 
heated one or two degrees above the teraporaturos 
it shows at those times, so that the Bmaller orystals 
formed, and these only, are redlssolved When 
the moss has been oooled to 35°, the cryatalhne 
blocks are crushed and centrifuged, the amount 
required (26 to 30 per cent.) to infiioe the molasses 
(see above) to orystaUise bemg previously removed 
In the Grosse process, the moss is kept in 
motion by a vertical Archimedean screw rotating 
in the vacuum pan. With this procedure, orystallisation takes place in 48 liours and, after 
coohng to 40°, the crystalline mass la disintegrated and centrifuged. 

Ldldioh, Zsohene, Stenzel, and others have tried mixing the molasses with fresh juice and 
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of 88 to 96 per cent.) is not usually placed on the market, but m purified in rofincrios, 
where it is dissolved in hot water, the purer and leas coloured qualities of hif^di rciidcment ^ 
being kept separate from the more impure grades of low rendement 

The solution, with a density of 37° to 39° B6 , is treated with a httlo lime, with 3 to 4 
per cent of ammal charcoal and often with 2 per cent of ox-blood, after whicli it is l)oilo(l, 
the frothy crust forming at the surface being continually broken. The auspondocl inatlcr 
IS then removed by rapid meohamoal filters or by filter-presses The residue (reiinory 
black) 18 utilised as a manure, while the hot and still colouied solution is passed tliroiigli a 
battery of four or six tower filters, 8 to 9 metres in height and 60 to 80 cm in dianioicr, 
filled with animal charcoal (Fig 364 A, tube for dense juice, B, for dilute juice, T for 

water, 7) for steam) and previously Iiealed 
with steam (D) to prevent the sugar 
separating and to obtain the maximum 
decolorising action of the charcoal, tins 
being exerted in the hot. 

The animal charcoal or bone-black lias 
a considerable affinity foi colouring- 
matter and for hmo, but only a sliglit 
one for sugar, but in course of time tlui 
pores of the charcoal become obstructed 
and its decolorising power diminished, 
so that after a few weeks it becomes 
necessary to revivify the charcoal 

The solution is jiassocl through the 
filters m succession and, if necessary, tins 
procedure is repeated When the syrupy 
hquid is decolorised, it is concentrated 
and boiled m ordmai’y singlo-elTet vacuum 
pans (of copper) until it shows the giain 
or short-thread teat {sec above) 

When the mossecuite reaelioa tins 
degree of concentration, it is pour(*d into 
a jacketed copper vessel, in which it is 
kept at 86° to 90° to initiate the forma- 
tion of large crystals It is then allowed 
to flow into oomoal copper moulds w'd-Ii 
their apices, closed by plugs, imdoriu^ath. 
The mass, which has just begun to crystal- 
lise, 18 well stirred, and when it has 


defecating the mixture m the ordinary way, but this process does not aoom to offer any great- 
advantage 

^ Thcre.nde.imnt expresses the percentage of refined sugar obtainable from the raw sugar 
and IS determmed indirectly on the assumption that every 1 part of aali dimimshoB th(^ pqUikmI 
sugar by 6 parts , thus a raw sugar oontommg 96 per cent of pure sugar and 04 per cent, of asli 
would give a rendement of 96 — (0 4 x 6) = 94 per cent The rondomeut is regarded os low 
if it IS less than 94 per cent 

® Revivification of Animal Charcoal. The oharooal is first ti’oated with hydroohlorio 
acid to remove the calcium carbonate, and if more than 1 6 per cent, of calcium Hu(i)hato then 
remains, this is eliminated by means of hot soda solution After washing, the wet. charcoal 
IS allowed to ferment (first alcohoho fei mentation sets in, then acid fermentation and Ihialiy 
putrefaction), and is afterwords washed thoroughly with water, treated with steam, dried and 
gently igmted m long oast-iron tubes, 0 (Fig 306), which are heated to about 400“ by the gases 
from the furnace, A, access of air to the retorts bemg excluded. The oooled, free portions are 
then gradually disohaiged from the lower ports of the retorts (jff) into covered metal waggons, 
so that the charcoal, which is not yet qmte cold, may not take fire m the air. The disdiargo 
of the putrid washing water from the fermented charcoal mto rivers causes serious inconvenience, 
and nowadays this water is either passed on to the soil or subjected to biological purification 
(see Vol I., p 260) 

The plant for decolorising with animal charcoal and the revivifying furnaces are very costly, 
a large amount of the charcoal being required 

Soxhlet avoids the carbon deoolonamg plant by usmg filter-presses the chambers of which 
are filled with a cake composed of wood-meal mixed with various mdlfferent matenols (ground 
coke or pumice, etc ). By this means sugar solutions can be decolorised moderately wdl even 
m the cold. 
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assumed a certain ooiisistcnoy it is loft at rest at a temperature of so that nH the 
molasses collects at the bottom and can be dischoiged by removing the plug In order 
to remove the molasses completely, the sugar-loaves with their casings are introduced 
into the moulds of a Fesoa centrifuge (Fig 366), winch liolds sixteen of them, oiTanged altor- 
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natoly in two superposed senes of eight The pomt of the augor-oonG commumoates with 
the apoiture, ?/, of the drum of the centrifuge, and when the latter is charged it is fitted 
in the middle with a cylinder, h 1\! h, which rotates with the dnim and is provided with 
channels, communicating with all the cones, so that the cov&rhig solutions {see above) may 
bo run m from the tanlc, r. Those solutions consist of three or four pale syrups and thi'ee or 
four concentrated solutions of pure sugar. In order to remove the lost traces of yellow 

colour from the sugar and to blue it slightly, 
os 18 sometimes required, the final ooveiing 
syrup IS mixed with a minimum amount of 
I ultramarine (6 grms per 10 tons of sugar) or 
methyl or ethyl violet or, better still, accord- 
ing to a recent suggestion, indmvtlir&ie The 
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Fig 307 


white loaves thus obtained are then dried in suitable chambers or in revolving apparatus, 
at a temperature of 55° 

To obtain white sugar directly, the dual masseouite is sometimes decolorised with 30 to 
60 grms, of blanhite per heotoLtro (see Note, p. 642 j blankite is pure, crystallised sodium 
hydrosulplute, the use of which is rapidly extending m sugar- works , see Vol. L, p 686). 

The beet-sugar of commerce should always have a very famt alkaline reaction (towards 
phenolphthalem), since otherwise it undergoes partial inversion. Cane-sugar, however, has 
usually a slight acid reaction 
VOL n 
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Cube sugar waa formerly obtamed by sawing the largo blocks, this eiitoihng oousidor- 
able loss, but at the present tune suitable centrifuges (Adant type. Pigs. 367 and 368) 
yield directly long rods of sugar of the requisite thickness, those bemg then sawn with a 
muiimim of loss. A platform, F, cames eight vertical pnsms, o, furnished with sci-ews by 
which they are fixed to an upper annular disc The latter is slotted (c) to allow of niasso- 
ouite being introduced into the chambers (a o) remaining between each pnsm and the next, 
and divided into a number of taU narrow chambers by fixed plates m the grooves, 6 The 
pktfom IS introduced mto the cylmder, H, which fits tightly the periphery of the moulds, 
thffle bemg closed inmde by a second cylmder. All the chambers are filled with masseomto 
mtroduoed through the slots, c, the whole bemg allowed to cool for 12 to 14 hours \ntli 
occasional ^akmg. After complete crystallisation, the whole platform is withdrawn by 
the oiMie. w, and placed m the oentnfuge, D, which makes about 700 revolutions per 
efieoted at a reduced velocity with sugar solutions entering by 
the tube, C, from a reservoir at a height of 0 metres After the sticks of sugar have been 
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renSoved, the platform and moulds are washed with water and are then ready to receive a 
fresh quantity of maaseouite, ^ 

Ptld or crushed sugar is obtained m a more sunple manner by covering the orystalhno 
sugar (from masseouite) m the oentnfuge itself by means of water, steam, or pure sugar 
solution. Slight prolongation of the centrifugation yields a hard, compact mass, wluoh is 
removed m large blocks and broken mto small irregular pieces (pil6 sugar) by a special 
crusher having an mdented drum (Pig 369). 

Powdered sugar or farin is obtmed by grinding lump sugar and any scraps between 
two smooth, horizontal rofiers (d and d’. Pig. 370) which are brought near to one another 
by spniigB and are furnished with ecffapers, /, to detach the powdered sugar ; the latto is 
subsequently sieved. Powdered sugar can also be obtamed by mfiauH of the TTi-mAlai-nr mill 
{see Pig. 164, p. 201), which yields as much as 2000 kilos j^er hour of a sugar not too finely 
powdered. 

UTILISATION OF MOLASSES. The processes employed for the extraction of beet- 
sugar yield about 3 per cent, (of the weight of beets) of molasses, 2 3 per cent, bemg obtamed 
m the fmtones and 0’8 per cent, m the refineries. These are dense, dark-coloured syrups, 
oontaming 40 to 60 per cent, of sugar. This does not orystaHise owing to the presence in 
the molasses of 8 to 10 per cent, of mmeral salts, which prevent about five their 
weight of sugar from oiystaJhamg. Hence, m general, it is difficult or almost impossible to 
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exiiroct sugar by direct crystallisation from S 3 Tupa with a degree of purity leas tban GO to 
66 per cent. Tlie percentage oomposition of molasses vanes between the following limits * 
water, 19 to 28 (mean, 23) , sugar, 46 to 64 (mean, 48) , solid-d not ^iigar, 20 to 29 (mean, 
28) , ash, 6 to 8 (mean, 7 , largely potassium salts) , invert sugar, 0 1 to 0 4 (inoiui, 0'16) , 
nitrogen, 1 26 to 1 85 (mean, 1 66) The degree of purity ranges fiom 62 to 67 jier cimL 
(mean, 64 per oeut ) The molasses oontains about 10 per oont of the total sugar of tim 
beet 

The recovery of the sugar from molasses involves indirect prooessos winch arc not 

always oonvenieiit m practice, anti wlicn tins 
IB the cose the molasses is employed for tlie 
manufacture of oattlo-food or spirit {see p. 16(J). 
In spirit factories the inolosacs is dihftod to 12" 
to 14° Ji6 (about 16 per cent of suga^j), when it 
can be fermented {see p 160) Ten tons of 
molasses yield 23 to 26 heotols. of alcohol 
(calculated as anhydrous spirit) and 1800 kilos 
of COa The potassium salts arc extrat<ttMl 
from the residual vinoasc by the process dt^- 
soribed in Vol L, p 646. 100 kilos of moIaHScH 

give 36 kilos of conoontratod vmasse (40^ Be ), 
and by oaloinmg this 10 kilos of viiumc dim coal 
are obtained. In some factories the vinossc w 
now treated for the recovery of the ammonia 
and fatty acids by the Elfrorit process dtwuilM^d 
on p 183, without, however, losmg the potassium salts.^ 

In Italy, before the modification of the fiscal regulations which taxed the dcfccalod 
saoohanno juices directly and left untaxed the sugar iii the molasses, vanons f acton I's 
applied certain of the chemical and physical methods used in other ooimtricw for the extrac- 
tion of the sugar from molasses— by means of osmosis, hmo, strontia, baryta (formerly bv 
means of alcohol), etc. When these methods {see lateit) are used, li is oaloulatc^d that the final 
molasses does not exceed 0 5 to 1 per oont of the weight of the origmal boots 
(1) Osmosis Process. This was 
first proposed by Dubrunfaut in 
1863, and is based on the osmotio 
proportios of orystalloida, which 
pass through a momhrano immersed 
in water {see Vol I , p. 80). Dif- 
ferent crystalloids traverse the 

^ The molasses vinasse (spent 
wash) remammg after the distillation 
of the alcohol has a density of about 
4® 15(5 and contams 0 to 7 yer cent, of 
solids When utilised, it is first oon- 
eontrated to 40° B6. (100 kilos of 
molasses give 36 kilos of this concen- 
trated vmasse), when it oontains 76 
per cent, of solids with about 4 per 
cent of nitrogen About one-half of 
the solid substances aro nitrogenous 
compounds The sohds oontam 10 to 
12 per cent of betaine, 6 to 7 per cent. 

of glutamic aoid, and 1 to 2 per oont of leucine and isoleuoine, besides varying quantities of 
ammo-aoids and nuclem bases , the non-nltrogenous oonstituenta consist of about 16 per cent, 
of fatty acids (formic, aootio, laotie, butyric, and homologous aolds), and 16 to 20 per cent* 
of other orgamo compounds not completely invoatigatea EfEront thinks it possiblo, from 
10 tons of molasses, to obtain 76 kilos of ammonium sulphate and 96 to 120 kilos of fatty acids 
by the action of yeasts which decompose the ammo-ooids into ammonia and fatty aedds, separable 
by distillation. According to P Ehrhch, however, yeasts transform omino-aoids into alcohol 
and suooimo ooid, the formation of ammoma and fatty aoida being due not to yeasts but to butyric 
and other baoteiia which always occur with yeasts, and decompose the amino-aoids into ammo^ 
fatty aolds, and vanous ammes just os m ordinary putrefaction. Hence the effect of the JEfProiit 
process could also be obtamed by adding to the aqueous vinasse a little putrefied meat and 
allowing putrefaction to proceed The manipulation of large masses ' “ 

not, however, be very agreeable or hygienio. 
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ineinbra«iie at vaiyiiig speeds, the sugar, for instanoo, far more slowly than salts Honco, 
if the molasses is placed m a dialyser and surrounded "with water, after a tuno tho water will 
contain more salts sugar, while the molasses will be dilutod with water but will oontaiii 
relatively more sugar and less salts than at first 

The apparatus now used for osmosis (Fig. 371) consists of a senes of wooden frames 
4 OHL in thickness and of the size of those used in filter-presses , ilieao are w^paratod by 
sheets of parchment paper, the whole being pressed tightly together The compartments 
thus formed are filled alternately with water and molasses Tho ii])per port, of tho wliolc^ 
of the osmogen constitutes an open reservoir formed by the upper vertical piojectioiis (»f 
the frames The molasses for feedmg the alternate chambera is placed in this reservoir and 
IS kept circulating m various ways The water chambers aio foci from tho lower paH and 
are (hscharged through a common upper tube as they become ennohed with salts. 

The osmotic effects occur best m the hot, so that the molasses is introduced at 80‘^ and 
the water at 90° 

The taps through which the liqmds enter and leave tho osmogen are rc^gulatod by 
automatic floats which close or open tho taps more or less so as to inaintam a conslaiit 
relation between the density of the exosmosed aqueous Boliiiion and that of the osmosed 
molasses This relation is detemimed beforehand m the laboratoiy, and corresponds with 
the conditions least favourable to the loss of sugar with tho osmosis water and most favour- 
able to the pimty of the residual molasses. 
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The exosmosed water generally has a density of 3° Brix (3 per cent, of sugar and salt 
together), and the osmosed molasses 36° to 40° Bnx (measured at 75° C .) ; tho latter is 
cqpcentrated and boiled m ordinary syrup pans until it shows tho string test. Crystalhsa- 
tion IS oamed out m the molasses room at 40° to 45° or in the Grosso apparatus. TJio 
crystaJllsed sugar is separated by centnfugation and the new molasses obtained again 
subjected to osmosis. This operation is repeated once or twioo more — in fact, until the 
quantity of sugar extracted would be insufficient to pay the cost. In some oases tho osmosis 
waters are concentrated and reosmosed 

The final molasses and the final osmosis waters — ^noh in salts and also in sugar — sorvo 
for making spirit, shoe-polish, or potassium salts (see p. 183) They are also given to cattlo, 
but must then be diluted with sohd v^etable products as an excess of s^ts may exert 
harmful effects 

(2) Lime Process. Steffen found that the addition of finely powdered, sieved quickhmo 
m small portions to a solution of molasses of a suitable concentration (about 12° Brix, 
i.c., 7 per cent, of sugar, obtained from 1 ton of molasses -J- 70 heotols. of water), and 
kept at a temperature below 16°, results m the separation of Insoluble suorate containing 
rather more hme than tricaloium sucrate, whilst the impurities remain dissolved In the 
aqueous molasses 

The operation is carried out m a vessel (Figs 372, 373) similaj to the Qrosse apparatus, 
the steam-pipes being used, however, for the oiroulation of cold water at about 12°, so that 
after each addition of hme, when the temperature rises 7° to 8°, it can be brought rapidly 
down below 16° The addition of lime is continued until all the sugar is precipitated (about 


1 i 


liiin 
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100 kilos of liino per 100 kilos of sugar), this being asocrtained by reading tlio cloai liquid 
m the saooharimoter. 

The resultant sludgy mass is filter-pressed at a pressure not excoodmg 1} atmosphere, 
tho filtrate still oontoining about 0 6 per cent of sugar, which oaii bo soparatod os trioaloium 
Buorato by heating the liquid to 90° and filtering. 

Tho cakes of suorato are washed several times m the filter-press and tho fairly pure 
residue used to defecate fresh diffusion juice before saturation with carbon dioxide , or 
the siicrato may be treated with any cold soocharmo solution so as to form the soluble 
monosucrate, the prooipitated excess of hme bomg removed by filtration and tlio filtrate 
then saturated with carbon dioxide m tho ordinary manner. 

(3) Strontla Process Wlion an excess of orystallised strontium hydroxide is added to 
a dilute sugar solution at a temperature of about 100° and tho liquid boiled, a granular, 



Firt 372 Fio 373. 

sandy precipitate of strantium disuorato is obtained, which is stable in the hot wliilst in 
tho cold it dooomposes into sugar and strontium hydroxide 

In a suitable boiler provided with steam-ooils and stirrers, a 10 per oent solution of 
strontium hydroxide is boiled, further quantities of tho hydroxide being added until a 
20 to 25 per ooiit« solution is obtained. The molasses is now added in amount equal to 
about one-third of that of tho strontium solution, wluoh is stirred rapidly and heated 
meanwhile, Strontium hydroxide is subsequently introduced in such amount that the mass 
has 12 to 13 per cent, of excess alkalinity Tho total strontium hydroxide is related to tho 
sugar in tho molasses in about the proportion 2*5 1 

The precipitated disuoratQ is filtered rapidly in the hot through bag-filters and washed 
with boiling 10 per cent, strontium hydroxide, the latter bemg recovered from the filtrate. 
The diauorate is then dissolved in a cold strontium hydroxide solution and tho solution 
introduced into metallio vessels situate m on apartment kept below 10°. In tho course of 
throe days ono-half of tho hydrate separates in a crystalline form, the saoehajrme solution 
bemg then decanted and the residue oontnfuged. The sugar solution is then saturated with 
carbon dioxide until it shows an alkalinity of 0 06, all the strontium being thus separated 
carbonate. The very pure sugar solution obtained after filtration is concentrated and 
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boiled as usual, the ciyBtalbaed sugar obtained being placed directly on the market without 
being refined. 

A somewhat different mode of procedure is that baaed on the formation of strontium 
monosuorate, but this does not yield the whole of the sugar as the above process docs. In 
Germany the desaochanfioation of molasses is effected almost exclusively with strontia in 
large works speoiahsmg in such work. 

(4) Baryta Process. When solutions of molasses and of barium hydroxide arc mixed 
m the hot in the proportion of 1 mol. of sugar to 1 mol. of the hydroxide, a heavy, sandy 
precipitate of banum monosuorate is formed which is stable to either hot or cold water ; 
this is collected as usual on filters and freed from impurities by washing with cold water 
It is then saturated with carbon dioxide in order to liberate the sugar and, after dilution 
with other sugar jmces, is filtered, concentrated, and crystallised ^ 

YIELD AND COST OF PRODUCTION. Formerly a hectare of land yielded with diffi- 
culty 20 tons of beet, but as the result of long-oontmued improvement of the methods of 
cultivation, manurmg, selection of seed, etc , as much as 30 to 40 tons are now obtained, 
and m oertam special regions (e g , Ferrarese) as much as 00 to 66 

For every 100 kilos of beet worked, the loss is calculated to be 1 6 kilo of sugar in Italy 
and only 1 kilo in Germany. The cost of cultivating 1 hectare of beet, includmg manure, 
transport, etc., amounted before the war to £12 

Itohan manufacturers calculate that m bad seasons the production of 100 kilos of refined 
sugar required 1 ton of beet, the cost of working this being 75. to 85, (including 35. for 
coal) Refining cost about 65. 0d. (100 kilos of raw sugar give about 90 of refined). 

In Germany 100 kilos of beet gave not more than 8 4 of sugar in 1870, about 12 6 m 
1890, and 16 8 (moluding that from the molasses) m 1909-1910. The mean production per 
hectare was 24 tons of beet m 1871 and 30 m 1910 

The consumption of coal m workmg 100 kdos of beet in Germany was 36 kilos in 1867, 
24 kilos m 1877. 10 kilos in 1890, and 7 kilos (8 m Italy) m 1900 By the use of Koatnor 
ooiioentrators {see above) a further saving m coal has since been effected 

The cost of momifaotunng 100 kilos of cane-siigar m Java varied, before tho War, from 
125. to 165 , and transport to England Or the Umted States amounted to 25. 

STATISTICS.® The history of the development of the sugar mduatry in Europe and 

1 The banum carbonate filtered off is converted mto the oxide and then into tho hydroxide 
by heating m suitable high-temperature furnaces 

This barium process was used for some tune m Italy, after it had been shown that no danger 
• to health was to be feared from the use of a banum compound, since this is eliminated almost 
completely by carbon dioxide and die final traces by calcium sulphate. The barium hydroxide 
required is imported principally from Amenca and Germany, hut by 1903, four faotonos had 
been erected m Italy for supplying all the baryta necessary to the sugar faotoiioa. One of thoso 
factories, at Calolzio, starts nim banum sulphate , another, at Milan, heats tho barium carbonate 
from the sugar-works ; while the remainmg two, at Foli^o and Pont St. Martin respoutivoly, 
treat banum carbonate m eleotno furnaces, making first barium carbide, which with water gives 
oce^leno and banum hydroxide (GareUi’s process) 

Such treatment of molajsses m Italy was found feasible as long as the sugar extracted 111 thm 
way remomed free from taxation, that is, while the tax was levied solely on tho defecated diffusion 
]uico. Smoe 1904, however, the total quantity of sugar produced, including that extracted 
from molasses, has been hable to duty, and the molasses is consequently utilised in tho distillery 
and m the manufacture of cattle-food. Reoentiy some sugar faotones have resorted to treatment 
of the molasses with barium sulphide, which is much cheaper than the hydroxide and is obtamed 
directly from the sulphate m the eleotno furnace. 

* The Commercial, Customs, and Fiscal Conditions of the sugar industry in Italy and 
other oountnes In some oountnes this great industry has been extended artifioially owing 
to the direct and indirect help afforded by ine State, and to the speculations of financiers With 
the excuse of protecting national mduatnes, Governments have levied heavy Customs duties, 
with the result that the pubho has paid dearly for its sugar, while manufacturers have accumulated 
enormous profits and have been enabled to export sugar at less than cost pdo© to other oountnes. 
At first the protective duty was from 245. to 325 per qumtal, while m France it was raised to 
645. The form taken by the protection was then changed by the institution of export bounties, 
which allowed the sugar to be sold abroad at a low pnoe, while large profits were made owing 
to the high pnees at home and to the bounties. First Belgium and then France established a 
bounty c3 85 to IO5 for every qumtal of sugar exported, France being thus subjected to an 
enormous burden amountmg to over £2,000,000, without oountmg the rebate on the freight 
from the factory to the frontier This enormous sum has been paid by the mass of the population, 
to the exclusive advantage of a few manufacturers (rule of the M61me Ministry) 

In Germany and Austria, where the export bounties were relatively low, the manufacturers 
formed sale syndicates (cartels), which operated m the following manner . the manufacturers 
pledged themselves to supply aJi the raw sugar to the refiners, who granted a bounty of 245. per 
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the importance this industry has assumed during the past quarter of a century have already 
been discussed on p 646 Reference has also been made to the production of cane-sugar 
compared with that of beet-sugar. While in 1864 beet-sugar formed only 14 per cent of 
the world’s total production (1,423,000 tons), in 1866 the proportion was 30 per cent, (on 
a total of 2,000,000 tons) , in 1878, 44 per cent, (on 3,000,000 tons) ; in 1887, 47 per cent, 
(on more than 6,000,000 tons) , m 1893, 66 per cent (on about 6,000,000 tons) , in 1899, 
64 per cent (on 7,600,000 tons) ; m 1901, 67 per cent, on almost 9,000,000 tons. In 1908- 
1909 cane-sugar ogam assumed first place, which it has smee mamtained. 

To give an idea of the progress made by the beet-sugar industry during the last 80 
years, the production of raw sugar in the two oountnos where this industry has developed 
moat is given in the following Table • 



In Franco 

In Gorinnny 

Germany 


Yield of BURfir per 
100 kilos beoti 

Annual cnnBiimp- 





tlon per hood 


Tons 

Tons 



1840 

22,784 

14,200 

6 9 kilos 

^ 5 kilos 

1860 

62,166 

63,300 

73 „ 

3 1 

1860 

126,480 

126,620 

86 „ 

4 3 „ 

1870 . 

282,136 

186,000 

86 „ 

47 „ 

1800 

760,000 

1,336,000 

12 6 „ 

86 „ 

1903 , 

1,080,000 

1,921,000 

14 4 „ 

13 „ 

1006 

— 

1,606,000 


14 9 „ 

1906 

730,000 

2,400,000 

14 7 

17 „ 

1909 

807.600 

2,037,400 

16 3 „ 

19 6 „ 

1912-13 

960,900 

2,700,000 

10 2 

21 „ 

1913-14 

738,440 

2,478.700 

16 7 „ 



quintal to the manufacturer and sold the sugar to the home oonsiuner at a very liigh pnoe, there 
being no fear of competition, os they enjoyed a monopoly. The suflerors, os always, wore the 
ooiiHumors The homo profits wore so enormous that sugar oould bo sold abroad at loss than 
oust pnoe and oompotition thus vanquished On the other hand, England, the greatest oonsumer 
of sugar, found its markets deluged with cheap Oontinontal sugar, which competed seriously 
witli that from its Colonies, which had also become oonsidorahlo exporters. ^ 

Under those conditions a more rational solution was found for the problem of sugar with 
roforonoe to intoriiatioual comraoroo The initiation of such an undortakmg oould owno only 
from England, who was able finally to impose her conditions on all oountnos sending sugar to 
her markets. The Brussels Convention, convoked on September 1, 1002, was subscribed to by 
England, Germany, Austria, Eranoo, Belgium, Holland, and Italy The result was the abolition 
of export premiums and the reduction of the boundary duty to 6^, per quintal above the 
manufacturing tax, from September 1, 1903, onwards. Such duty was to ho enjoyed only by those 
countries conforming to the Brussels Convention 

Italy did thus conform m a modified way ; the boundary duty romoinod as before, namely^ 
23s. for first quality and 10^^. fid. for second quahty, while a pledge was given not to export sugar 
to other coiintrios and to imposo an exoe^onolly heavy Customs duty on oountrios not adhormg 
to the Brusselfl Convention (ospooially on JRusBia and the Argentme Bepubho , but Russia entered 
the Convention in January, 1908, and pledged herself to export for six years not more than 
200,000 tons per annum of bounty-fed sugar After 1908 England hold herself free to import 
preimumod sugar without imposing supertaxation). Spam and Sweden were treated lilce Italy 
by the Brussels Convention, to which then Luxemburg, Peru, and Switzerland oonformed. In 
Spain an overproduction orisia arose. 

In Italy the price of sugar fell, owing to overproduction and frenzied competition, to 925. per 
quintal, so that in 1901-1903 almost all the sugar faotonea showed either minimum profits or 
considerable losses. Indeed, deducting the tax of 5Qa , there remained 365. os the prioe of the 
sugar. According to the manufacturers, 10 quintals of beet, giving 1 of sugar, cost 165., while 
the oost of production of crude sugar was 85 (moluding 45, for cool), that-of refining about 65 4d. 
and that of transport I5 8d : total, 325, Thus only 45 remained to provide mterest on capital 
as well as depreciation Hence, in 1904, all the sugar-makere combined to form a ayndmato 
and raise pnoes, and early in 1906 on increase of 16s (to lOSs ) per qumtal was enforced , with 
a production of 1,000,000 quintals, this amounted to an annual burden on the oonsumer of 
£800,000 Adding to this the protective duty of £1,200,000, it will be seen that, for the luxury 
of a native sugar industry, the Itahans paid an annual tax of £1,200,000 to £2,000,000, the sole 
gainers being some 30 factories with a capital of about £3,200,000. 

The European War brought all these conventions to an end, and in some oountrios the fiscal 
regulations have been rendered more severe. 
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Some of the large factories in Fiance and Belgium have diffusion plants in the middle 
of the beet-growing districts, the sugar juices after treatment with lime being forced 
through pipes, often several kilometres long, to the factories, where they are further 
worked up 

In Germany the beet-sugar industry haa reached its greatest perfection and magnitude, 
and from 1880 to 1902 Germany was the largest exporter (as much as two-thirda of its 
output) In 1909-1910, in spite of the diminution of exports resulting from the Brussels 
Convention,^ Germany exported 423,000 tons of refined sugar and 310,000 tons of the 
raw product, the home consumption bomg 1,260,000 tons The exports were 740,000 tons 
m 1890, 883,000 m 1904, and 1,145,000 in 1906 In 1908-1909, 358 factonos and 39 re- 
fineries were workmg m Germany Certain German factories, employing 46 workmen, 
treat 400 to 600 tons of beet, but in Italy many more employees are required. In 1909-1010 
Germany produced 10,600,000 tons of beet, but in 1910-1911 only 5,200,000 tons 

In Auatna large batteries of diffusors are used and a more complete exhaustion is 
obtained even at a lower temperature , in general, mdeed, the modern plants aro more 
perfect thou those m Germany. In 1908 Austria-Hungary exported 610,000 tons of refined 
and 196,000 of raw sugar. 

The following Table shows, for different countries • I, manufacturing tax m pence per 
kilo , n, retail price m pence per kilo , III, mean annual consumption in kilos per head 
m 1899, 1909, and 1913 ; IV, kilos of refined sugar obtained from 100 kilos of beet ; 
V, kiloB of refined sugar from 1 hectare , and VI, number of sugar factories 



I 

n 


III 


IV 

D 

VI 

England . 

0 96 

63 

1800 

40 

1000 
41 1 

101.3 

48 




Umted States . 

0 96 

48 

28 4 

37 2 

40 

12 44 

2706 

76 

Switzerland 

0 67 

48 

26 7 

30 2 

. 36 

— 

— 



Denmark 

0 676 

67 

21 6 

36 6 


13 82 

3960 

0 

Sweden . 

2 8S 

7-7 

16 7 

,2461 
117 8 

— 

14 26 

3803 

21 

Germany 

1 92 

62 

13 7 

19 7 

21 

16 36 

4809 

380 

Holland . 

6 47 

96 

13 

19‘8 

— 

14 80 

3803 

26 

Franco 

26 

72 

12 8 

16 9 

20 

13 03 

3446 

300 

Belgium . 

1 02 

67 

10-6 

161 

16 

14 37 

4632 

67 

Austria-Hungary 

3 46 

8 16 

83 

112 

13 

16 74 

3909 

222 

Eusaia 

27 

8 26 

6 

91 

12 

16 37 

2230 

289 

Spam 

0 77 

8 15 

45 

64 

— 

11 88 

3439 

32 

Portugal 

— 

— 

6 

62 

— 

— 

— 



Greece 

24 

8 15 

3 

38 

— 

— 




Boumania 

— 

— 

3*5 

41 

— 

14 63 

2392 

6 

Turkey 

6-47 

96 

36 

6*7 

— 

— 

— 



Italy 

67 

14 4 

2-8 

39 

6 

11'27 

3378 

41 

Servia 

3 17 

77 

3 

36 


— 


— 


^ The Fiscal System in Germany from 1841 to 1860 was based on the quantity of beets, 
the object being to bring about improvements m the cultivation of the beet and hence morease 
m the sugar-oontent , the tax oorrospondod with about 18 j per quintal, and was refunded to 
the manufacturer for all exported sugar From 1870 to 1886 the tax was Is per qumtal 
of beet, it bemg assumed that 12 6 kuoa of beet were required to give 1 kilo of sugar, but even 
in 1870 1 kilo ot sugar could be obtained from 11 9 kilos of beet, and m 1887 from 8'1 kilos. Smoe 
the exports moreased enormously and the taxes refunded remained the same, the manufacturers 
enjoyed indirectly a oonsiderablo export bounty, whioh diminished the Exchequer receipts from 
£3,000,000 to less than £760,000 (1888). A modification was henoe made m the system of 
taxation, sugar produced and consumed at home paying a tax of £1 per quintal, wmle that 
ejroortod was freed from tax and received a bounty of 2s 6S. (raw) or 3fl. 6d, (refined) per 100 kilos 
(1896-1903) Further, the import duty was left at £2 per quintal, so that German producers 
were allowed to sell their sugar at high prioes at home (even during the abundance of 1900-1901) 
and to employ part of their profits to lower the price of sugar sold abroad in competition with 
other countries. After the Brussels Convention, however, export bounties oeased and the import 
y was reduced, to 6a + 16a. (manufacturing tax m Germany), tinder these new conditions, 







ESTIMATION OF SUGAR 577 

DETERMINATION OF SUGAR-CONTENT, Sugar is estimated in various ways With 
an aqueous sugar solution, the content of saccharose may be determined by moans of the 
spooifio gravity at 17 6°, compared with water at 17 6°, this being measured by hydro- 
meters, pyknomotors, etc (see Vol I , p 76), In the factory, use is generally made of 
a hydrometer (saccAaro?neler) which, at 17 6°, gives directly tlie percentage of saccharose 
pi'oaeiit 

These sacoharometors were first proposed by Balhiig and were subsequently corrected 
by Bnx, degi'eos Bnx expressing the poroentago of sugar. In France and Belgium, and 
sometimes also in Germany, socoharomoters gauged at 16° and referred to water at 16° ore 
used, and the Berlin Royal Commission for the control of standards prescribed the use of 
saochai'ometers giving the density of solutions at 20° referred to that of water at 4° 

The following Table gives tlie densities and degrees Brix (grms. of sugar per 100 grms 
of solution) for the temperature 17 6°, and also, for each 10°, the values from the other 
two Tables, so that the intermediate values in these two Tables can be calculated roughly, 
The saocharomoter is read with the precautions and in the manner indicated on i). 77 of 
Vol I and on p. 174 of this volume. TJie Table gives densities above 66° Bnx, which 
cannot bo dotenmnod by hydrometera, but which serve to calculate the degree of punty 
of impure saccharine solutions (molasses, etc. ; see later). 


Matkgczbk and SoHEiBLiDa’s Table, aiviNa the Speoidio Gravities and 
Degiiehs Brix op Sagoharinh Solutions 
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If the degrees Bnx are road with solutions at temperatures other than the normal, 
corrections must be made by means of the following Tables . 


the exports diniinishod somewhat, but the homo consumption increased owing to tho lowered 

E ncses. Tho wholesale price m 1910 was £2 per quintal (that of sugar for export, without tax, 
eing lOs.) ; tho retail pnee was 14d per kilo m 1875, 7(1 m 1002, and Od, in 1010. Tho Gorman 
Government received £6,760,000 in sugar taxon m 1900-1001, almost £8,000,000 m 1009-1010, 
and over £9,000,000 in 1013. In 1012 0ie manufaoturmg tax was 23/i Of? per quintal Diminu- 
tion of the tax by 33 per cent, moreased the consumption by 60 per cent. 
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StAMMBB-’S TabLB foe EBDUOINQ to 17 6° DeGUBTHIS BiUX EKAD at DnJTBEnNT 
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Example . — If a suga^ Bolntion shows 40° Bnx (t e., 40 per oent of Bogor) at a tom 2 >ora 
turo of 23°, 0 4 must bo added to rcduoo the reading to the tnio Bnx degroos at 17° , so 
that 40 + 0 4 = 40 4 degrees Bnx at 17° 
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Example . — a solution reads 19 86° Brix at a temperature of 26°, tills would oorro- 
spend with 20° Bnx at the normal temperature of 16° For Intermediate values, eithor nf 
temperature or of oonoentratlon, the oorrospondlng results ore easily obtained by int(tr 
polatiom Thus, 18° Brlx at temperature 16° would give, at other temperatures, values 
Iiigher than those oorresponding with 15° Bnx by three fifths of the dlfieronoe between 
the values in the 16° Bnz and 20° Bnx oolumns So that a solution showing 18° Brlx at 
the temperature 16° would show, at the temperature 17°, 14 60 + -g- (10 80 — 14 90) o- 
14 00 -h 2 99 = 17 80° Bnx. 

In the (Quantitative detonnination of sugar, use is commonly made of Its aotiou on 
polarised li gh t (sea p 28), this being measured m the polasvfMier The rotatory power of a 
sugar solution is proportional to the oonoentratlon and almost mdependent of the tempera- 
ture. In these detenmnations It is neoessary to use pure sugar sdutions, dooolorisod by 
means of a little basic lead acetate (or, better, merourio acetate or phosphotuiigstio acid), 
which precipitates the albuminoids, colouring matters, and other Impurities , ^e filtered 
BolutiQn is examined m the polonmeter If the saccharose is accompanied by another 
optically active sugar — for instance, glucose (daxtro rotatory) — allowance must be mode 
for the rotation of the latter In such a case the diminution in rotation produced by inver- 
sion of the saccharose with dilute amd would give the amount of this sugar 
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TIio iiflo of tlio nsfiaotoiULtor for the ostimation of Bugar Lm fJso been proposed (see 
40H , also Villft\coo]iia, “Applied Aunlytiottl Clioniistry,” VoL 11 , p 93) 

POLARIMETERS AND 
SACCHARIMETERS ^ One of 
the best-known polanmeters 
is the Laurent shadow instru- 
ment (Fig 374), wluoh contoina. 
In plaen of the ooinpensator 
and double polarisation quartz 
plate, a spocial somioiroalar 
quart/ plate, 7), half a wavo- 
length in thioknoas and oooupy- 
Ing one lioJf of the field TIio 
polanaor, 77, is rotated by 
inoans of the rod, X, and the 
rotation whioh restores the 
two halves of the Hold to the 
HRnio luminosity is nulioatod on a graduated oirolo, 0, provided with a vermer, road by 
means of the lens, and ilium inatod by tho inirroi, M 


ll 


'fjSi 


^ 1 |1 — ^ ru 

Jr 

IS i*' 





^ It lins boon montiunod already p 
tlio proiwrty of donomiKiHlng a ray of light Into two polansod rays, tlio o: 




27) that crystals of looloiid spar and quartz liave 

_ _ V — - "1 — o e polansod rays, tlio ordluory and tho extra 

ordinary If a prism of JeoJand spar with longtli 
greater than tho brooflth, witli its neuto angle of 
98'', IB eut diagonallv and longtlnviHo so oa to divide 
it into two miUingiLlar tnongular prlsniB (l<^g 370), 
and those are eementcHl together again with Oanada 
halHam, tho result is a Niuol prism When a ray of 
light, Zm, enters tho mtoh of the two rofrootod rayn 
(jMo, wp), tho ordinarv one, Is totally rofleoted 
by the layer of (.* 0110(01 balsam and is tlirown out 
of tho uryntal (or), whilst tho extraordinary ray, 
lap, posses through tho prism and omorges 
polansod Tills ray is able subHoipiontly to traverse 
a Hoooiid nlonl only when tho prindpol section of 
tills aMaly »%)]{! mcol is parallel to that of tho first 
vind If, on tlio other hand, tho two 
lirlui'lpal Boetlons are peT|>oiidiuular, the ray under 
g(K« total roilootlon and will not pass through 
tho Hoooud niool , in intermediate positions, varying quontltlos 
pass Tf a layer of water Is placed between the porpoiidlcular niools, still no light will puss 
thmugli the analyser, hut If a sugar solution is iutorposod, tho light passoa with a groatei or loss 
intensity thinugh tJie analyser, whioli must be rotated tlirougli a oortaln auglo (proportional to 
I ho quantity of siigor) to iiroduco total dlsappooronoo of tho light Li order to dotormino exactly 


'cb^k 



of llglit are allowed to 
still 


ai'Xai) 




a 
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Fig 870 


when the luminous ray Is extinguished (even in this ooae a kind of half-shadow is always observed), 
Soleil attempted to divide tho lummouB Add Into two halves with oompleraentary oolours 
Indeedt if a »y of polarised light is passed tbroi^ a quartz platetplaoed between the two niools, 
onfih3f of tWB plate being dextro- and the other Itevo rotatory, and the junction of tlie two 
lying exao^y on the axis of the light, the two halves of the field will appem: Ulnminated with 
oo^ldnjie^iiary ooloqrs. If the plate ^ 3*76 nun. In thlokness and the anaJyser is rotated through 
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ORGANIC CHEMISTRY 


The Bouioo of mouoohroniatio hght la a double bnnsen flaino oolourod with Bodmm 
ohlonde, tho light being ooUooted by the lens, B, and the observation made through the 
oyo pieoo, 0 The soole of tho apparatus is rogulated by tho sorow, Z, so that it roads /oro 
when the two halves of the field are equally illuminated If a tube containing a liquid, 
intorposod between tho two niools, causes tho right hand half of tJie hold to darken, the 
liquid IB deztro rotatory, while darkomiig of the left hand ludf ludioatos a leovo rotatory 
compound From the rotation read on the scale, the speoifio rotation may bo oaloulatod 
by the forrnnlBO given on p 28 

Tho prootiool ezamuiation of sugars is mode with polorl motors fumlshod with spooial 
Boalee and known os sacchariTnetera ; the Lauront polanmoter lias a sacoharlmubrio gradua- 
tion as well as that showing circular degrees 

In the Freiioh saoohanmeters (Soleil and Laurent) tho 100 division correaponds with 
a normal aqueous solution of pure saccharose (obtained by prooipitation of a vory uonoon 
trated aqueous solution with alooliol and drying at 60° to 70°) containing 10 .150 grma in 
100 CO at 17 6°, tho reading being made m a tube 20 cm long (tho saino reading is given 
by a quartz plate 1 mm in thickness) In the German instruments (Voiitzko Soholblei, 
Sohmidt and Hoensoh) tho 100 reading is obtamed with a lougth of 20 cm of a saooliai'ose 
Bolutioii of sp gr 11, which oontains 26 0^ grma per 100 o o at tlie teinporutiiro 17 5° ^ 
Thus, a reading of one division, corresponds with 0 26048 grm of socohoroso por 100 o o , or 
1 grm. of sugar per 100 o o. gives a reading of 3 830 divisions 

The Bouroo of light for modem Bacohanmeters is on Inoandesoeiit gas humor onolosod 
ill a blookened metal chimney fitted with a ground glass window, or an incandosuenl 
cloctiio lamp of at least 32 candle-power with a ground glass globe and also onolosod In a 

black oaso In order that tho apparatus may not 
become heated, tlio lamp should bo ploeocl at a 
distanoe of about 15 om , and to render tho luiuLnous 
fields more distinot tho liglit is iiossod first througli 
a glass ooU with parallel walls filled with 6 per oont 
biohromate solution In a layer 15 mm thiok , lii 
this way the more refrootivo rays oro absorbod and 
a uniform yellow light obtoiiiod Tho normal 
tube of the sooohailmotor oontains a colunin of 
liqmd Qxootly 20 om long, but for very dilute and slightly rotating solutions tube's of 30, 40, 
and 50 om are used, whilst for solutions which ore not quite oolourlosa tubes of 10 oi 5 om 
naay be employed , in all oases the readings ore rofon'ed to the noimol length of 20 uin. 
Some tubofl are provided ivith an aperature for the mtrodiiotion of a thennomotor, so tliab 
the tomperature of the solutioii may be read In the instrument. 

The saoehonmeter soale extend from 0 to 100 divisionB on tho positlvo aide and to 
— 30 on the negative side. The integral dlviflions ore given by the zero of tho vcriiior, N 
(Fig 377 ), and the decimal parts by that dlviBion of the vermer scale which ooinoldes exactly 
with a division on the scale , in 377 the reading is -f 2 6 divisions.^ 

24 5°, tho two halves of the field are almost completely extlngulshod and oasamo a pale n'd 
coloration, similar in the two halves. If, however, a sugar solution is interposed, tho two hnlvos 
assume different oolonrs, extinction being reator^ by rotation of the nnolysiug nlnol l^tor 
Soleil sn^esbed compensating the rotation of the sugar solution by introduolug, to n greater 
01 less extwt, between the nlc^, a oomoal quartz plate or compensator, moved by a rack indicating 
on a BoiUe the thiokness of the plate ana hence the equivalent rotation more modern 

sacohaTlmeteps of the Solell Ventzke type have two oorapensators, each ^rmed of two quartz 
wedges (KA'' and HK, Fig 376) of onpraite rotations, and are fitted also witli the Llpploh potanwr 
formed of three niools (P), which ^e a field divided Into three zones ; when these zones are 
nob equally illuminated, the two lateral ones show a colour different from that of the middle one 
The analyser is enobsed In a metal box to protect it from dust. The two compensators -with 
their Bcaloa ore regulated by two sorews, V and V' When the two scales indicate zero, tho tliroe 
zones should be equally liluminated 

1 That IB, in 100 Mohr o.o„ 1 Mohr o o being the volume of 1 jpmi of water at 17 6° welgliod 
m air with brass weights The true 0 . 0 . Is the volume of 1 erm ormter at 4° wolfed tn mruo 
calcalation. on the basis of the coejficiBnt of expansion ofwater shows that 100 Mohr 0 0 are 
equal bo 100234 true 0 0 ., so that 100 true 0.0 of the nonnal sacoharoae solution at 17 6° would 
contain 26 087 grms. of saocharose. The International Oonlinlsalon for uniform methods of sugar 
aualysls proposed m 1000 the fixing of the 100 point of the sacoharlmetor by a length of 20 om 
of a Bolui>ion obtained by dissolvnu 26 arms, of pure saccharose in water to a volume of 100 
true 0 0 . at 20° and polarising at 20° (100 true c 0 . of water at 20° w^h 00 7174 gnns in air 
and 00 8294 grms. tn t»icuo) 

> doable compensation sacoharimeters (furnished with two soales, a Uforhng scale 
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POLARIMETRY 

Tho BpcoiRo rotatory powor of Baocliaroao vanos Iittlo "witli tho oonooutratioii (up to 30 
per oout.) aud witli tlio temperature (bobwoon 15“ and 25“ ), but it ia boat to work hoot to 
20°, whou [a]f = + 60 6° ^ 


and a coiUrol, V ftud V', Vlg 870) tlio proooduro Ih aft follows Wlioii the tube with tlio 
Bolutiuii iu Introdnuod l)otwooii tho inuols tho oontrol aoalo Is pbiood at zero, tho wockliiK houIo 
boing tliOR moved by tlio eorow until tho Hold in unift irmly ilium liuitod and itH position wnul 
Tho Hugar Rolutinii u next roiiiuvod aud tho oontrol borIo moved until tho llohl in a^ftiu^uiilforiu, 
tho rootling of thin scale bomg noarly equal to tho ilrst rooding of tho working bob. 1 o The tube 
of solution Ift now again inti'ouuoed and the position of tlio woikinp aealo, near to the zoio jjoint, 
road after Itft adjuntniont to give inufonn luminiwity VHiially the tube 1 h again reniovetl iiml 
the oontrol scale moved until the field la uni form and Its position imd T’ho final rosuLt jh nbtaiiiiMl 

M btrooting the moan of the second pair of roadingH from tho moan of tlie liiat iHvIr "hiiH, 
ToodliigH wore + 78 0, H- 78 +0 2, and — 0 3, the result would ho 78 5 — 0 On 

+ 78 15 
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Inwrl suf/nr has a rntatory power varying markedly witli tho oonoontrafcion and tompomtui'o 
A Holutlnn of floouliaroao oontalning the normal weight (26 048 grins.) oniitaiiiK, after invorHliin, 
27 411) grins* of Invert HUgar, and if tills Is oontaliiou in 100 o o It givos a deviation of — 12 011 
in a 20 ora tube at 20° The variation i»r dQgroo of iomporaturo is 0 5, so that at 0° this reading 
would bo — 42 00 and, in mmerol, at any tomperature, t, it would 1» — 42 06 -h 0 5 f Tf no 
ncoonnt is taken of voiiations due to the uonoontration, 1 dlviMluu Vontzko oorroKpondH with 
0 8.105 gnu of invert sugar iu 100 o o (Mohr), tho solution being rood m a 20 om tube at 2l)° j 
or 1 grm of invert sugar diaaolvod m 100 Mohr o*o. gives a reading of - 1 101 dlvlHioii Tho 
spoeillo rotatory powor of mvorb sugar for different oonoontrations (fr<im 1 to 35 per uont.) Is 
given by tlie formula LafS « — 10 057 — OOSOllfl, fl Indloating tho weight of invert Hugivr 
in 100 0 0i If or oonuontrations near 16 per ueut the value — 20 2° uicw bo taken foi tlio Hpnollle 
rotation of hivorb sugar, 1 ctreuZof degree thou oorrospouclhig with. 2 475 grm of Invoit HUgar 
in 100 true go and 1 grm, of invert sugar In 100 true o o. giving a rotation in clroulai' di'grt'os 
r Q 404* 

Cflueose boa tho spoolOo rotation, [aj“ « + 52*8“, wluoh Is oonstoiib after mwZa rola/ton hnn 
oeaaed («« p 28), i s , if the observation is mode after the solution has boon oltlior loft foi 24 lioiirH 
or boiled for ID minutes The oonoeutration and tlio tompoiaturo have vlibually no inlluoiuio 
on tho rotatory power , « , . , . . 

For fivetose (Uvulose) the data ore unoortaia owing to tlie dllfloulby of obtaining pure oryHtiilH, 
and tho rotatory power vuies with the oouoontiatlon (for soluttons of about 10 per ooiit strength, 
iM — 93°) and with the temperature (aai inoreaso of 1° of tomporaturo dlminiHhofl tho 
spooiflo rotatory power by 0 07°) . , 

Laciosf For OuHtiOii + H|0, after tho dlaappearanee of tho muta-rotatlon, tho siHsulllo 
rotation, which la but slightly influenced by the oonoentration, is [a]**',; ta + 52 53 “ , tills 
diminishes by 0 076° for every degree rise in tempeiaturo. 

Maltose has a speolfio rotation (after muta robe^ou has been destroyed , see Glucose) vniylug 
with the temperature and oonoentratlon aooordlng to the eq.uabioii r [a if, <=3 140*376 - 
0 01637 0 ^ 0 066 1, where t indioates tho temperaturo and o the perooutage by woiglLt of 
anhydrous moltoeo. ]B'or medium oonoentratioiis, b« 4< 138 2° 

JRafflium, Oi|Hg|0^i + 6H|0, has the speolflo rotation, [a]?* *= + 104 6°, which is almost 
independent of the temperature an4 concentration. 
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ORGANIC CHEMISTRY 


CHEMICAL DETERMINATION OF SUGARS With tho exception of aocoliaroso and 
rafHnoae, the angoTB (gluooBo, levulose, oto ) roduoo Fehling's aolution (an alkaline aolntlnn 
of oopper anlphate oontaming aalta of orgonio hydroxy oolda , see pp 25S and 400) in tho 
hot, 171 th BOparation of a oorrosponding amount of ouprous oxida^ 

NON-SUGAR, APPARENT DENSITY, TRUE DENSITY, AND QUOTIENT OF PURITY 
Rugara and tJioir aolutiona ore difitingnished, oommeromlly and mduBlnally, hy their 
content of aaoeharoBO, water, and salvls not sugar {e g , aolte and various orgojiiu HiibBtancita) 
Tho Brlx Boocliaroinetor la graduated with pure augar aolutiona, and lionoo gives rusulta 
wliloh are increasingly maoourate oa the degree of impurity of the augoi solutionu inurooscH 

^ Feliling’s solution la ohtainod by mudng, juat before using, euuul vnlumos nf tho two 
following smutions (a) 00 278 gnus, of pure urystolhsed noppor sulplmto (CuHO^ + nilgO), 
air dried until ooustanb hi weight, dissolved In water to I litre , (&) 340 grms of Kooliullo salt 
(sodium pobaseiiim tartrate) and 100 grm& of pure solid sodiiim hydroxide dissolved in water 
to 1 litre. Slnoo saocharose does nob reduce Fehllng's solutiou, it must bo Hist Inverted For 
this purpoae, 0 6 gnus, of the sugar ore diaaolved m 700 o o of N/3 hydroehlorlu GU'id and tho 
Bolunon heated for 30 minutes in a water hath at 76°, noutrallaod with eauatlu soda, and made 
up to 1 llti-e. This solution, whioh eon tains 10 grins of Invert migur, Is then ready for tosbliig 
The Felillng teet may bo dthor yolumetrlo or gravlmetrlo, tho ooiu'cnbratiou of tlio sugar 
being rediioed to about 1 per oent. (by a prelltnluary trial) and the details of tlio prooednro being 
followed exactly Volwnetnc method 40 o o of water and 10 o o nf Feb 1 big's solution (6 e u 
of oaoh of tho oomponent solutions] ore brought to boiling iu on Frlonmuyoi Husk, a nioosurud 
q^uantity (4 to 6 o o ) of the sugar solution run m from a burotto, and tlio liquid again lioatod 
BJid kept boiling for a deUnlbo time (two nunutoa for glueose or invert augar, fuiu? mlmites foi 
maltose, oaid six for lootose] , the flame is then removed, a few drops of tlio liquid liltorod, and 
the flltrate ooldiflod with a little ooetio add and tested with a drop of potassnmi forrooyanido 
aolatlocL If a rod ooloratlon Is produood, the tost Is repeated vdth a larger quantity nf sugar 
solution, whilst if no rod uoloratioa appears, a leas quantify of tho sugar Is tried This proooduro 
IS oontinuod until in tho lost two teste, repreaentir^ excess and dofloieiioy of the sugar aolutlnn, 
the diSeretioe between the two volumes is not m,ore than 0 1 a o , the mean of those two vohiinos 
IS employed la oalonlating the sugar oonteut of the solution. 100 o o of nmlllutod Folding's 
solution, under the above conditions, oorre^onds with 0 4045 gnu. of gliioosoi 0 633 of levulose, 
0 615 of invert sugar, 0 740 of maltose, ana 0 070 of laotoso (hydrated) 

The gravimelnc esiimalton is carried out as follows (AUihn's method) To 00 a u of Fehllng's 
Bolution, diluted with 60 o c of boiled distilled water and heated to boiling, are added 25 u u of 
the sugar solution of about 1 per cent oonoentratloa, tho liquid hoiog then ogam heated aud kept 
bolhng for a deflxute time (two minutes for glueose, levulose, and invert sugar, four for maltcmo, 
and six for lootose) The solution la then flltored at once, with the aid of a filter pum]), tliroiigli 
a dried and wei^d Soxhlet tube ooutaiDing a layer of eahostoa, tlie uiiprous osnde being 
repeatedly washoa with a total quantity of 300 to 400 o.o of boiliug watoi, then wltli two or tliroo 
portions of alcohol, and Anally with etner The tube is then dried In on oven, and the ouprous 
oxide Bnbaequently reduced to metalllo oopper by passing a ourront of dry hydrogou tlirougli 
tho tube and genuy heating the oxide with a smair flame , the hydrogen Is kept paariug until 
tho tube IS quite cold, when tho weight is taken From tho weight of copper tlius obtaniod, tlio 
oorreapondir^ weight of sugar u read ofl from the following Table, all tlio numhoi's roproaonUiig 
miUignuns 




























ANALYSIS OF MIXED SUGARS 
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A‘^parenl is that eliown by tlio lir\\ liydroinotor, wliiJo the real dciisily oorreaponda 

with tlio true eon tout of fliigar (Icteruiined by duvut onulyaw (by tJio polaninctor or, after 
invoTBloii, by Felibn^’a solution) Tho difForoaoo liotwcoii tho real and apparent donaitioa, 
exprcssotl in dogrota Bnx, uidioatos the ium^igar in 8 nx degroos, wIiiJo the ralto botweon 
tho real and apparoiit donsltios, in dogrcoa Bnx, is termed tho qnoUe)U of 2 »irtlp and, wlicn 
iiuiltiphtHl by 100 , sho^fl tho jicroeiitago of sugar prosont indopendently of tlio water 
In tlio aiialysxa of a iitixlure of varwna aiiyttra a number of optical and olioniionl toats 
must 1)0 mode in order to dodiioc, dirootly or ludireotly, tho quantities of tho soparato 
oDiuponoiitfl (ace Villavooolda, Appliixl Analytical Choniiatry,” VoL II , pp 114 ci aeq 


^ IF only Raeolmroso and another HUgor oro proaont, p grniH. of the inbeture nro diaaolved in 
water to inO (t u and tho pulariHation, read , if a ^ in tho rotation of 1 gnn of aaouliaroso por 
100 G 0 and rtg tliat of 1 grm. of tlio uthor sugar, tho quantities a; and p uf Hounlmroso and tho 

othor sugar roHiMuitl\ oly nro given by tho foriniilro (I) ® ~ V ~ » since 

X y = V ^ 1 **^ h ®i?/ = (IV) The values of rtj, and P must bo given tlioir 

propor algobrolo slgiifl (+ or — ) 

(1) In thospooial ooso of a mxxtarc of aacrharoHc aad ylucoart tho ooinpononts x and y may 
Ik) ilutormmod in variniis ways i 

(1) Tho glucoHC (p) may be ostunatod by moans of ITohling's suiiition , formula IV tliou 


gives X ■■ 


P — n^/ 


Slnoo Hoooliaroao roducos Foliluig's solutlnn to a \ury aligiit extout, 
use are best dotonninod by moans of Soldalni's roogont, nliloh oonsiste 


small proportions of glucose are best dotonninod by moans of Soldaliii's roogont, nliloh o( 
of ino gmia of potassium biuarbonato, 104 4 grins, of normal potasmuni oarbuiiate, and 
of tho (jup^ior Bulphato solutluii usod foi I'nlihug's solution, made up to a liti'o with water 
(2) The solntiuu of tho mixture is noloriBod (7^), tho saueharoso hoing luvortod ar 


(2) The solntiuu of the mixture is polorisod (7^), tho saueharoso being luvortod and tlio 
larlsation ogdu road (Pj) If a™ is the rotation of 1 grm. of invert sugar (= — 1 lOlh thon, 
1(10 1 gnu of saooliaroao gives 1 063 grm of mvort sugar, wo liavo 1 06d rtga; + (VI) 


and honoo a: =. S' = »i I-avnig tl.e value 3 880 

and Oj 3 067, it foUoivs that x = (IX) and y == ^ (^)» wliluh are tlio 

quantities of tho two sugars In p grma of tlio mixture Tho poruontagoH will therofuro ho 
aud I'oflpootlvoly For a mixture of ftwr/iorow and Icimloae, = — 5 430, so tluit 
^ o R 3 np 1 2647* 

y =3 27^oI — ~ aaocJiaToac and wwri augar, = — 1 101 and tho denominator 

booomoH 0 06(1 instead of 27 701, fui mixtures of iniccJiaroao and nidUosCf 7 010 and 
y ^ ^5 093 ^ 7 p 4 p^ » 1°*^ sacdiaroae and lactose liydraU, a, 5 = 8 036 


‘ SrriSS? ^ 


3 838P, 1 254? ... , , , ,, 

I (5 003 x g 087 ‘ 

0 Tho poruontagofl will therofuro ho 


( 3 ) Tho giucioflo is iirst detormlnod by moans of Fohling's soLnilon , in anntlior portion of 
tlio Holutlou tho BOOcharoBO la Invorted and tlio reduolng sugars again oablmatod wltli FoliUng's 
Holutiou tho dlfforonoe botweou thoso two ostlmatiuna glvos tho Invert sugar and this, multlpircd 
by 0 06, tho sacoliamHo 

(^) With a fiuxfurc of saccharose and raffinoso^ the polarisation is detormlnod boforo (7^) and 
after ( 7 ^^) bivorsioii, and being the known rotations of 1 ^m of each of tlio two sugai's 

and an and 04 thoso of 1 gim of the roapoutivo invorted x^roduots, it follows that 
n iz + anf/ *= -Pi (XIII) and 1 0153 ag^u + 1 080 = P, (XIV) , substitution in those of tlio 

values fli « 3 839, a, = 7 11, 1 063 flg = - 1 264 and 1 030 04 = 3 043 glvoa x = ^ -- ^ 


1 26<1P 4- 3 830P 

(uid y c=: — J For tlio dotorininatioii of tlio ralHuoao by moans of motliyl 

phenylhydrazlno, in prosonoo of Baooharose and Invert sugoi, sea llaninose, p 686 

(C) Whon two rdduoing sugais bub uaitlior aoeolioroao noi rairinnso is prosont, It Is mifHoiont 
to monsniG the polarisation and apply formuUo I to IV But if a non saoohailno substanoo Is 
also prosont, it is nooossory to detormino also the niunber (P) of 0 0 of Koliling s solution reducod 
by a weight, p, of the aubstanoe , If bi and ft. oro ilio volumeH (0 0 ) of Kohlhig’a solution retluootl 
by 1 grm. of each of tho two sugara dlB8ol\ od in KXJ 0 0 , fclioii j fliai -f- ajj/ » 7* (2^) and 

\x H- ™ F (XVI) and henoo a =» Z a ^ ~ * mtxlvre of 

ilucosc and Uvuhae, =3 3 067, Si B=i — 6 4^30, 202 4, and ^ bo that x n 

180P +^6 489F ^ ^ For mtxlurea of glucose and maltose, has tho 

value 7 040 and 136 2 these last two numhera hold also for misturos of invert sugar and maUoae, 


but tlien Ox — 1 101 and fti « 194 , for micBlurcs i; I uTcu H«i;iuac;, ™ o ifui, c*. <=> tJ uou, 

ft, a 202 4, and 64 » 148, wmle for invert sugar and tacioset and h% have the values fust given, 
but = — 1 191 and ■■ 104. 

(D) With a rrmPurt of aaodioroae (x), glucose (y), and IcMiloae ( 2 ), if a weiglit, p, is 
dissolved to 100 0 0 ., and Oi, a^, a^, a^ represent the lospeofcive rotatlouB of 1 grm of eo^ of 


afid lactose, a^ » 3 067, a. 


these sugara and of invert sugar in 100 0 . 0 , and ftg the number of 0 . 0 . of Fdhltng'a solutlou 
roduoed^y 1 grm. of each of the reduolng sugars, P and polarisatloua before and after 



584 


ORGANIC CHEMISTRY 

Tlie total cwA of a sugar is determined by weighing 3 gnus into a tojcd platinum disli, 
moistauiug it with a few drops of ooiiooutrated sulphuno ooid, uaiboiueing over a buiiueii 
flame and luouiorating la a muffle at a low red boat (about 700°) so that tlio ouli dom not 
fuse !From the suLpiiated oali, oiie<tenth of its woight 1 b deducted in order to cnrroct fur 
the nioreose due to the formation of sulphates By means of tables the quantity of mdithU 
futh can also bo deduced 

The water ifl determmod by beatmg 5 to 10 gmia of tlio sugar in a Hut gloHs (lisli u()voro<l 
with a olook glofis at 106° to 110° first for 2 hours and aubsoquontly to uoiiHtant welglit 
Subtraction from 100 of tlie wator and the sugar gives the porcoutogo of ittUU vtyti ftuyar^ 
while further subtraction of the aah gives the organio non tmgar The aHadiniiy of tliu 
sugar IS determined by titrating on aqueous solution of 20 gnus of tlio product wltli iloci 
normal sulphuno acid in presonoe of pheiiolphthaloin , tho result is caluulatml as gianm 
of GaO per 100 gnns. of sugar 

PURIFICATION OF WASTE-WATERS FROM SUGAR-WORKS TJio watt'rs nquinng 
punfloation, since they arc liighly contoanlnated and rooflily formonb, aic those used 
in emptying and washing tho diffusoTS, those from the pulp proases and, luirtlvi ihosi^ in 
which tho heota havo been waaiiecL Tho Rrst contain up to 0 5 per ooiit of Hiisiicnditil 
matter and 0 0 to 0 8 per cent of dissolved organio mattor, with about 0 d i)ci ecu it of 
sugar , they have a bod BnaoU, and it is usually prohibited to introduce them as they stand 
into Btreoms > 

Chemical punfloation (with lime or iron oxido or sulphate) is postly and inHufflciiuit, 
whiio the meohaniool method of flltration to remove tho auapondod matter doivt somotidiig 
but only partially solves the problem, Blologiool punficatiou (ace Yol I , p 2^t0), p recoiled 
by flltration or by aeration (omittmg the septic tank) gives liottcr rosulU than tho older 
prooeaaes, hut is not entirely satisfactory (it ehmloatM 40 to 70 por oont. of the organ lu 
matter) The pnnoipal baotena which destroy socoharoao ore LeuaiTtoftino and ('IrMfridinm 
The problem of the complete punfloation of these waste- waters still I'oinaiiiB uiihoIvihI 


C. TRIOSES 

RAFFINOSE, CigHgaOuj + DHaO, forms pointed crystals and luw a V(uy 
high, rotatory power ( [a]** = + 104 5°), and smee also sacohniose ooiitaiiniig 


inversion, and F tlie number of c o of Fehling’s adutloa rodneod by woight y of tint Hiilmliiiicc, 
tlien (XVII) P = 01 * + + OaZ , Pj = 1 063 + fiaz I P -- T’hc llrsL 

two of these give a; = — -^To53a * corresponds with foimuln VII T'licti (Will) 

«a!/ -1- = P —ajx aa.d P, which arc analogous to formula XV, allow of tlm 

determination of the values of y and s. Thus so = " fl ^ have, in nimlngy 



(x), tyiveri sugar (y) and laclose (2), the aaocharoso is arrived at os above, and tlioii 
16 40P - 186 6P - 6O8P1 , 0 OUOP + 243P -|- 74nP, 

y 3590 ^ “‘1 * — • 


Praci%cal PsamuZes 26*048 gnns. of the sugar or mixed sugars oro disaolvod In a 100 ( c 
flask and. If the solution is oolouied, basic lead acetate solution (10 to 30 drop) Is mldeil ilnq 
by drop until it forms no further turbidity , the solution is made up to 100 0 a with water, 
fllterod through a dry filter oud polarised In a 20 cm. tube, a drop of acetic add being proviouHl^ 
added, if neoeasory, to moke the Uq aid clearer 

If it is thought desirable to eUmlnate the excess of load acetate, tlie liquid is made up tr 
volume with, aatarated sodium sulphate solution instead of ^vlth watOT 

In the case of a mixture of Invert sugar and soooharoBO, if tho normal wolclit solution giviH 
a rotation of + 24 0 before and — 27 0 after inversion, the quantity of socoharoso in 100 c c 

of the solution will be =■ 10 01, and that of invert sugar 

0 LWcJ ^ 00(1 

12 12 grms. 

If other augora ore also present, the invert sugar is first dotermlned with Fohllng’a dilution 
such quantity of the sugar solutlou beiiig token (after a pr eliminar y trial) as uonbalns ahnu^ 
0 2 »m, of fiivort sugar and the determination being mode with 60 0 0 of Fohllng*a solutloi 
by the gravimetno method- The result Is subject to a akgM correction, according to a Tabb 
by Mfliiw and Hiller, for the inflnenoe of the aaooharose on FehUng’s Bolutlon, but this onb 
m coses where the invert sugar is present in relatively small proportion compared with thi 
Bocoharoae, os, for instance, when s a mpl e s of soocharoae ore being anslysed 
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STARCH 

laffiaoae oxTiibits pointed oiystals and an inoreaaed rotation, raffinose is known 
in Ghnmany aa SpUzemucker or PhmucJcer It la a hexatrioae, and when Lydro- 
lyaed takes up 2HaO, giving equal proportiona of drgliicose, (i-fnictoso, and 
c?-galaotoso By reatrioting the liydrolysiB, moat euitahly by effecting it with 
enzymes, an mteimediato stage majr be realised, consisting of dl-fmotose and 
vielibiose (isoineiio with lactose), winch is subsequently resolved into cZ-glucoae 
and (?-galaotoso RolfinoBo is found together wim cane-sugar m the sugar-beet, 
its amount vaiying with the season In the manufacture of saGoharose, it 
acouniulates in the molasses and often occius abundantly in the sugax extracted 
from boct-inolasHes hy the stiontia process , m the final syrup from this treat- 
ment it oooiirs HometimeB to the extent of 20 per cent Raffinose does not give 
the reactions of the inonoscs (reduction of Pehling’s solution, etc ), and hence 
contains no caibonyl group, its rational formula being 

(0„H,,0, 0) {O.H 10 O, 0 OoHaOa) 

GalActOHo Qlucoflo PruotoBO 

Mclibwsey wluch, lilce lactose, exhibits the reactions of the monoses and oontama 
a carbonyl gioup, is represented thus (CflHnOB 0) OgHuOg So that raffi- 

nose usually decomposes first at the pomt where a carbonyl group occurs 
(between gluooso and fructose) , otherwise it would 3 neld a biose without a free 
oarbo^l group Indeed, Nouberg (1907) has shown that the action of emulain 
on raffinose gives galactose and cane-sugar (which does not give the monoso 
loaotions), this decomposition thus ocourriiig at the opposite end of the mole 
oule This observation supports Herzfeld’s hypothesis that m the beet raffinose 
IS formed fiom saccharose and galactose, the lattei ongmating in the deoom- 
poBition of pootio substances, possibly by the action of an anti-emulain. 

In proficiioo of soouliaroao and Invert sugar, raffinose may bo detenninod qiumtitatlvely 
by tlio optioal method previonsly deeonbod (Soooliarimotry), or by the method devised by 
Of nor (11)07), who oxtraota the whole of the raffinose wltli pure methyl aloohol, evaporates 
the alooliol, liydrolysos the romadmng syrup for 3 hours on the water bath with 3 per cent. 
BiUpluirlo aoul, and then propipitatos the golaotoao os mothylphonylhydrazono, wJiioh is 
quite iuBolublo and uan bo easily ivelghod t the oorrosponding weight of raffinose eon tlien 
bo oaloulaled An oxaot cletorminatlon of rolHnoao In sugar, which almost always ooutains 
loss tlian 0 C per uont of It, is vory difficult. Tho prosenoe of raffinose in small projx)! 
tion in sacoharoso u rogordod os probable if the ratio between rum-m-gar and ash is loss 
than 1 6 

D. TETROSES 

MANNOTETROSE, is found m manna, and yields 2 mols galao- 

boao, 1 of liuotoBo, and 1 of glucose on hydrolysis 

E HIGHER POLYOSES 
Starch, Dextrin, Gum, Glycogen, Cellulose 

Those are not, or but slightly, sweet, and are amorphous and, m some 
sases, insoluble m water On Tiydrolyfus they usually give either pentoses alone 
Dr hexoBos alone, pentoses and hexoses bomg fonn^ together only m raie 
instances Their molecular weights ore imknown, but their molecules are very 
largo and are represented by the general formula, n (OflHjaOfl) — (n — 1) H 2 O , 
where n la very large, this approximates to (O^ioOs)"* which represents the 
results of analysis 

STARCH, (CeHipOfi);!, It has already been pomted out (pp 133, 140, and 
!S25) how starch originates m vegetable organisms and how it passes from the 
eaves, where it is formed under the mfluenoe of ohlorojphyU and of light, to 
/he reserve stores of the plants (tubers, seeds, etc , in cryptogamfl, winch 
lave no chlorophyll, staroh is not formed) It is a oarhohydrate, and occurs in 
vhite granules msoluble m both cold and hot water, although with the latter 
t Bwel& up, forming etaroh pasle^ which is coloured a oharaotenstio deep blue 
VOL n 88 
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by dilute iodine solution Staroli paste is disBolved by acids, forming glucoso 
(see p 632), and by diastase (see pp 133, 140, and 201), formmg intorniodiati* 
polyoaoa with less complex molecules (dextrins) and then inoltoBO and iho- 
maltose Starch does not give the reactions of tlie monoaos (a v , with 
Fehbng’s solution, phenylhydrazme, etc ), and hence contains no fieo caibonyl 
groups, BO that its rational formula (see pp 623, 638) will bo (CoHioOr, 0) 
(CpHioO* 0 CeH^O*) (0 CoHioOg), where theie la only one ctiuar- 
bonyl hnlaiig, possibly in the middle, two such linkings are inadinissiblo, 
since otherwise decomposition should give, together with d!-gluooHO, aiiotlier 
Buhstanoe with two carbonyl groups Such a substance has, howevoi, never 
been obtomed 

The molecular weight has not been estahhshed, but it must he very high, 
and, according to Symewski, the formula is CaieHafloOigoj f^he molecule con- 
Bistmg of twelve nudei 

The shape of the starch wanulea vanes with the plant fiom which they aio 
obtamed, so that it is possible to ascertam the ongui of staich by ohsoiving 
it under the microscope (with a magnification of 200 diomoteifl , see Figs 378 
to 386) ^ When exammed in polansed hght, between oiosaod nicolfl, potato- 
storoh granules, having a stratified structure and an eooentne mioleiis, sliow a 
black cross like the multiphcation sign ( X ) (Fig 386), while other stratified 
starch granules with a central nucleus also behave bke doubly icfructing 
crystals but show a black cross more like the sign of addition ( + ) , this is 
seen well with wheat starch (Fig 387) Starch granules show their stiatifioa- 
tion better under the microscope if they are treated with a dilute Hohitiou of 
chromio aoid containing a httle sulphuric acid, and m sumo oosoa daik ladial 
stnm also appear 

Commercially the name /our is given to starches from cereals, loguminosou), 
acorns, chestnuts, etc , and that of s£arc/i to those from potatoes, manioc root, 
arrowroot, palm stems, sago, etc , hut chemically bheie is no djfEorcnce T]io 
flour of these plants contains more or less gluten (wheat, 12 pci cent , ricii, 3 to 
5 per cent ), and wheat yields 66 to 66 per cent of starch , maize, (JO to ()6 per 
cent , noe, 70 to 73 per cent , rye, 46 per cent , oats, 32 per cent , bailoy, 
38 per cent , beans, peas, and lentils, about 38 per cent ® 

^ Staroho? of dUEorent kinds may poseess gromileB of similar form, but mny bo diMtinKulsluHl 
by tho rnryliig mean ma^tudes of the granules, although in moat kinds thore are a gntater 
or leas number of granule much Bmaller than '^e average, those bolng somoblinoH grou]>orl 
together in ovoid or bunoU like moaaee (« g , rloe, oat, Btareh, oto ) I'lio average hIjcoh of the 
gronuloe of the diFferenb atarohes, m mierondlUmetroa (pi), are gonerally os follows 


(1) Wheat : large granules, 20-20g, more common , small granuloB, 7/i 

(2) Barley „ „ 20g, ,, „ „ „ 4 5/4 

(3) Rye ,, ,, n i, ,, ,, C/; 

4) Potato „ „ 60-80 m. .> „ „ 20/4 

(6) Rloe bunches, 20/i, of several granules , Koporato granules, 5/i 

(0) Oats ,, 30/4, „ ,, ,, j, 

f7) Maize large granules, 18-20/4, more oommon, small granules, 6/i 
(8) Bnok wheat „ „ 0/4 (polyhedra) „ „ 6/t 


* Tlie mean percentage compositions of potatoes, wheat, and rice are os follow e 



Potato staroh in partloular always oontains, as a oomponent resisting ftUTniwn.tiQ ]\ by aiu 
pnrlfloation, 0 165 per cent, of PaOs, oorreepondlng with 0 86 per oent.^ ash, and It has beer 

OH 

suggested that starch oonsuts of the moleonlsr complex, (CgHioOgln.PO^^Q^ n being 260 











ITig 883 —Wheat stawlL 


Fia 381 — Oat staroli, ■ Fra 382 — Rye staroli 
Cellular tlsBue , (6) free fframilofl. 



Fra, 884.— Barley Btarch li'ra 38fl —Potato atoroh 


— Fig 887 — Wheat ataroh in 

Fig. 888; — ^Pota^ ataroh In polarised lights polarised light. 
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s88 organic chemistry 

The specific gravity of potato starch, when air-dried, w 1 D029, and when 
dried at 100°, 1 6330 

"When heated above 160“ it is transformed into dextrm 

MANUFACTURE In Italy starch is extracted prinoipolly from noo, malre, utu , hut in 
Germany almost exclusively from potatoes A starch factory should always have ii supply 
of pure cold water, not very hard and free from iron. 

Fre^ mature potatoes contain about 20 per cent of atoroh (minbnum IH poi ooiit . 
maximum 21 per cent ), the proportion beinjc detormuiod sufflolontly oxactlv by a voit 
rapid physical process, proposed iu 1887 by Berg, applied in 18415 by Ballnig, and improve d 
m 1880 by Behrend, MOroker, and Morgen An exact relation exists botwooii tlin siHiolllc 
gravity of potatoes and their staroh-oontent, and it has boon found tliat the (lillonuinc 
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between the total dry subatonoe (S) and the storoh content [F) is constant (tlie pn»]iopli(Ui 
of non starch, N, is on the average 6 762 per cent.) Thus a detonnlnatiou of tho dry 
matter gives the proportion of staroh, since F = 3 — N Further, if tho relation b('twoon 
F and the speoiflo gravity is determined once for all, a Tablo^ can bo prcparwl sliowin^ 
the proportion of dry matter or of starch from the Bpooiflo gravity, wliloh can bo doLornibnul 
from the loss m weight of a given weight of potatoes In air (6 kilos) when weighed Imnn^rHcd 
in water , if, for instance, this wei^t is 400 grtoB , the loss of weight will bo 400(1 grniH 


1 


Weight In 
watOT of 

S kUoB of 
potatoea, 

gmif 

II 

I>ry matter 
per cent. 

Starch 
per cent. 

Weight In 
\Yater of 

6 kilos of 
potatoOB 
gnns 

II 

Dry matter, 
per cent 

Is 

Welglifc In 
witor of 

6 kilos or 
IHifcntom, 
grins 

II 


II 

376 

1 080 

im 

13 0 

480 

1 100 

26 2 

10 4 

686 

1 132 

m 


380 

1 081 

10 0 

14 1 

480 

1 107 

26 6 

10 7 

noo 

MS4 

Iji&l 

m 

386 

1 083 


14 6 

400 

1 100 

20 0 

20*1 

non 

M36 

no 

RSI 

300 

1 084 


14 7 

406 

I no 

20 1 

2UB 

000 

1 130 

31 7 

26 0 

806 

1080 

20 0 

161 

600 

1 111 

20 3 

20 5 

006 

1 138 

82 1 

20 0 

400 

1 087 

21 2 

16 4 

606 

1 112 

20 6 

20 7 

010 

1 130 

82 3 

20 6 

406 

1088 

21 4 

16 6 

610 

1 118 

20 7 

20 0 

016 

1 140 

32 6 

20 7 

410 

1080 

21 6 

16-8 

616 

1 114 

26 0 

21 1 

020 

1 142 

33 0 

27 J 

416 

1001 

22 0 

10 2 

620 

1 116 

27 2 

21 4 

026 

1 U3 

33 2 

27 4 

420 

1002 

22 2 

10 4 

626 

1 117 

27 0 

21 8 

030 

1 144 

33 4 

27 0 

426 

1 008 

£2 4 

16 0 

680 

1 no 

28 0 

22 2 

036 

1 140 

88 8 

28 U 

430 

1004 

22 7 

10 0 

636 

1 120 

28 8 

22 6 

040 

1 147 

34 1 

28 3 

486 

1006 

22 0 

17 1 

640 

1 121 

28 6 

22 7 

046 

M48 

84 8 

26 6 

440 

1 007 

23 3 

17 6 

646 

1 128 

28 0 

28 1 

060 

1 140 

84 6 

28*7 

446 

1008 

23 6 

17 7 

600 

1 124 

20 1 

23 3 

006 

1 161 

34*0 

20 1 

460 

1 000 

23 7 

17 B 

666 

1 126 

20 8 

28 6 

000 

1 162 

36 1 


466 

1 100 

24-0 

18 2 

600 

1 120 

20-6 

23 7 

oen 

1 163 

86 4 


400 

1 101 

24-2 

18 4 

606 

1 127 

20<8 

24 0 

07U 

1 100 

86 8 


466 

1 102 

244 

18 6 

670 

1 120 

80-2 

24*4 

676 

1 160 

30 0 


470 

1 104 

24 8 

10-0 

676 

1 ISO 

30 4 

240 

OBO 

1 167 

86 2 


476 

1 106 

26 0 

10<2 

660 

1 131 

30-0 

24-8 

686 

1 160 

see 

30*8 


























WASHING OF POTATOES 689 

011(1 the speolfio gravity 5000 4000 = 1 087| wliloh tlie Table bIiowb to oorroapoud with 
21 2 per oont. of dry matter and 16 4 per oont of etoroh By moariH of the balanoo ahowii 
in PlgB 388 and 380 or of the Reimaim or yohwai"/or baaket steelyard the potatoes can be 
rapidly weighed in air and iii water at 17 5° To oaloiiJate tlie praotiool yield the value 
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given ill the Table slioiild bo dlminiBhoil by 1 5 [ler oont,, biiioo part of the staroli ifl oonvoitod, 
(luring extraotloii, into suliililo sugar, whioh may also exist to a sinall extent in potatoes 
whioli ni'o either not too ripe oi too old The 
washing of 2 )otatoea in stal’d]! fautorl(« is viMi 
linpurtaut, and is oorriod out in mooliinoa of 
voiiouB tyiH« The first washing, to I’oinove 
the soil and stones, whioh arc present to tbo 
extent of aliout 8 per a(jnL, can 1)0 done In tbo 
inoohlno shown in Vlg 106 (p 142) or in trans- 
porter channels like those used for sugar beets 
{aee Figs 318-320) The potatoes are then 
raised by an InoUnod Arohlinedeaai screw in a 
perforated ohaniKjl (nee Fig 321), the waslilng 
being repeated with oopious jets of water in a 
long vee^ having a oonoavo perforated bottom 
and fitted with voned stirrers, which are somo- 
tlmea furnished with bruslies (Siemen’s washer, 

Fig 890). The potato^ pass along the vessel in the oppodto dirootlon to that taken by 
the water, whioh Is Introduced clean at the extremity where the washed potatoes emerge. 
The washing of 40 tons of potatoes per 24 hours requires, on an average, 20 ou metres 
of water per hour 

The nups used to oonvert the potatoes into pulp, by rupturing all the starch containing 
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oqUb, ooiiHiBt of a number of saw-edged steel plates fixed radially niuiul a dniui whieh h 
a diamerter of 60 to 60 om (Fi gs. 301 and 392) and rotates at a B])CH»d of 800 to 1000 rev 
lutions per mmute. The Ang^ rasp (Fig 303) oouaista of such a dniiu worlciiif^ lu a oylii 
drioal oasmg, whioh m some forms has a saw toothed inner surfaue (fSohniidt roHjii 



J f I 


306 




b 

Fia 897 


- 



Fig 398 


the potatoes from the feeder being foroed against the drum by means of on adjuata 
wooden oompresBor, A, and the resulting pulp drawn between the two Indented surfao 
A powerful water-jet keeps the saw-edges clean and washes the pulp Into a tank und 
neath The pulp from which the starch has been removed (100 tons of potatotti give 8 1 
tons of dried reslduea) still contains unaltered starch cells, and as a loss of 2 to 8 per oe 








PURIFICATION OF STARCH 


501 



of Biaroli would thuB result, tlie pulp is passed into ordinary lionzoutol stono ihiUb like 
tliose used in flour nulls, the stones having a diameter of about a metre and making 160 
turns per mmuto Tlie Cbampoiniois rasp, used lu Fronoe, is uomposod of a drum, E 
(Figs. 306 and 300), formed of a number of saw blades with the teetli turned mwords , 
the washed potatoes enter by the feeder, J, and ore forood against 
the saw edged jionphery by tlie blades, F, wJiioh are rapidly 
rotated by tlio pulley, H A water jot Bux)phed at K washes the 
})ulp between the saw blades mto the vessel, N, below, loss by 
spurting being pievonted by tlie easing, M 

For large fnotoiios, however, Uhlond has suggoBted the 
roploooniont of the mill by a apooiol maoluno whioli oompletoly 
cliBlutogratefl tlio remaining storoh oontalulng oellB without 
rupturing tho fibres. This inaohlne eonfiiBts of a horizontal 
eono of oast iron, cither oliannellod or edged (Figs. 307 and 308) 
and enolosed in a oosliig of similar shape , by means of a sorew 
regulator, V, tho distonoo bobwooii tlie oone and easing eon be 
vanod Tho coiltso paste is mtroduoed by a lioppor and fed on 
to tho Qoiie, O, by the blades, S, hemg subsoquontly disohorgod tlirough tho ohannol, i2 
In order to aoporato tho storoli grauules from the residual pulp, winch holds m solution 
the vogotablo juioe and in suspeuBion tho oellukr residues of the vegetable tissues, epidonnis, 
(«to , the pulp ifl xioBBod Immediatoly (to avoid fonnentation) on to copper aioves of voriuiis 
types (usually semi oyliudrlQaJ and Bovoral metros in length) , 
these retom the residues, wlillo a water-spray, liolped by suitable 
sorapeiB, oarrios the storoh granules through tho moshefl (see 
transverse sootion, Fig 300) , tho saino scrapers, wliloli arc 
arranged heliooUy, oorry tlie exhausted I'esiduea to the for end of 
tho sieve and keep tho latter olean 

When these operations are oorriod out properly and In largo 
works, the total loas la not more than 0 3 kilo of dry storoh on 
100 Idloa of washed potatoes, these losses oro dotootod by 
estimating ohomioolly the storoli In the ultimate exhausted 
imdues. 

The milky liquid oollocted under tho tdevoa also oontoins, in addition to Btoroh, small 
proportions of colouring and gummy matters, proteins, dextrin, and very flne parbiolos of 
epidermis, sand, etc In order to separate these Impuntios, tlio storoli milk is mtroduoed 
into largo oonorote vossds, whore the sand separatee in a few minutes Tho liquid with tho 
HUBX>oudod storoh is then removed to anotlior veasol, < 
whoro tho wholo of tlie storoh separates after a rest of 
10 to 12 hours, but in some cosoe the storoh is sub- 
joctod to lovigation with a gentle oiirrout of water in a 
number of vessels, In wliioh tlio starch forms sucoesslve 
depoaite Tho wator and tlio dissolved impuntios ore 
readily separated, either during or after standing, by 
moans of a floating syphon oonslsting of a fuunol 
joined to an India i-ubbor tube (Fig 400) The volume 
of the deposit tanks is taken to be about 1 on metre 
per 100 ]^os of potatoos treated 

In some storoh factories the storoh is still separated 
fi’om the milky liquid by a kind of levigatlon on in 
olmed planes, the liquid passing dowly along large 
wooden or oemont ohannels, 80 metres long, 1 to 3 
metres wide, 60 to 60 oim deep, and with a slope of 3 
to 6 mm. per metre. The coarser starch, together with 
a httlo sand, Is deposited In the first parts of the channel , then comes the best starch, 
while the amallffit granules, mixed with a few organic impuTities, are the lost to settle. 
The water which emerges from the eni of the channel is possed through two or three 
depositing tanka before being rejected. In order that the working may be continuous, 
two ohaimelB are always employ^, one being in use while the starch is being removed 
from the other. The channels we fed from large reservoirs provided with stferers so that 
the density of the starch suspension may bo kept constant and uniform (3® BA, the liquid 
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being fed at the rate of 0 lita^ per minute per 2 6 aq metrea of ohoiiiiol anrfnLo) Tli 
crude starch from the flret and la^ portions of the channel may bo purified by ropoatin 
the levigation, but that obtained from depositing tanka forma a compact inoaH ooinpoac 
of a lower layer of coarse granules mixed with a little Bond, oumteimodiato purer layui 
and a grey uppermost layer mixed with oigonlo detntua. It is mdisponsablo to wnah th 
staroh qmokly, aa in tune the impurities impart to it a pale yellow colour For tlii 
purpose the layer of staroh — the so called atorc/i (i e , impure, moist Rim'd i) — i 
covered with double its depth of water, a suspended stirrer fitted with long bladcH (Fig 40 1 
being then lowered to the surface 
of the starch , the first more 
impure layer is thus stirred up so 
aa to form a dense milk of 4P to 
6° B6., this being deposited m an 
adjacent wooden vat or on the 
molinod ohanneL The middle 
purer layer is then stirred up and 
the BuapeoiHion removed, andso om 
In these wooden vats (ms 
F ig 401) the stirring is repeated, 

this operation being continued until a porfeotly wliite staroh is ob tamed, the wnali-wattu’f 



being removed after each depoaitioD 

"When the starch is not refined m this way and dried, the growth of mould is provoutod 
by keying it under water slightly amdlfled with sulphuno acid until it ih to l>o wild 
green starch, which is used, for example, for manufactuimg glucose, coutams about 50 tf 
66 per cent, of water , part of this can be removed in oontnfugwi Buuilar t-o tlioso ustMl 
for sugar (p 666), the perforated drum being coated insido with a fine cloth to rotaiii Hit 
granules The superficial layer of the oake of staroh is acrajiod off, as It uoiitaiiiH impuntloa, 
and the remomder (with 86 to 40 per cent of moisture) tlion disohorgod bolow , with a 
drum 80 cm m diameter 60 kilos of starch are obtained. Tho centrifuges arc fwl with a 
dense suspension of the staroh of 20® B4 The impure grey stwoli obtoliietl in tho Hocoiidory 
sedimentation vessolB is mixed to a dense milk and passed through fine silk biovoh, wIik li 



retaon the detntua and solid proteins, etc., the sieved milk being oonvoyod to otlior finer 
sieves and then to the inclined ohannelB or sedimentatiou vats To prevent baoterial action 
mid to inoiease the whiteness of starch, 0 6 kilo or more of oaloimn bisulphite solution (In 
some oases sulphurous add is used) is sometimea added to each cubic metre of tbo milk 
* These reagents, as weU as aulphunc add or caustic soda in small proportions, facilitate the 
deposition of the staroh m the tanka, but they Impart a faint reaction to the final staroli, and 
it is advisable to employ them only in the treatment of frozen or bod potatoes, where the 
product readily ferments and turns yefiow Bleaching is sometimes eifeoted with dilute, 
filtered oolciuni hypochlorite solutioii (1 800), together with sulphurlo add , after a few 
minutes’ contact, the ataroh is washed in an abundant supply of cold water until the roaotlon 
of the c hl o rin e disappeais. The last trace of ydlow in the starch may be corrected by alight 
blueing with ultramarine, mdigo carmine, Pmsfidan blue, etc 

When potato or cereal staroh is to be prepared In cubical or aunilar cakes, the maas 
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from the Bedimoiitabion tanks is introduood into moulds of galvanised or tmnod iron with 
perforated bases (the cubes ore 10 oni m eaoh dlreotion) , theao ore either ouelosed in 
ovaouatod oases or, os Ulilaud suggested, subjootod to considerable oir pi'esaure, so as 
to remove the water as far os possible (see Fig 402) Fig 403 sliows how the batteriefl 
of moulds are arranged m hu^ factones , the dense Btarch-oreom from the vat fills a 
hopper travelling on a suspeudod iron rail aud stopping above oaoh mould to hll it , when 
all the moidds are full, they are closed hermetically and the oir oompreaaor started WitJi 
a Hultablo niaclmio the smooth cakes ore removed whole from the moulds, and os they 
contain very little water, the time required for diying is oonsiderably shortened. 

Modem plants make use of another orraugomont devised by Uhlaucl (Fig 404) Hero 
the moulds are fitted mslde with a nibber bog wltli a perforated base and covered with 
oloth , tills fits closely to the walls and gives a purer starch, wlule the moulds can bo 
thomuglily cleaned after oaoh oiiemtion 

The drying of the starch is carried out in hot air desicoatora, which readily reduce the 
moisture to 20 per oont., whioli is tJie onstomoiy proportion , if more moisture is present 
an ollowonoo is moflo to the puroJioser, but if tlioro is loss thou 20 per oeiit. the seller loses, 

06 no oUowancu is then made. In order to obtain starch of go^ appearance the tern 
puraturo of drying should bo about 30° to 35° (at 50° It boghis to swell and form lumps) 
and tiie oir sliould issue from the doslocator ahnost saturated with uiolBtiu*e after tiaverslng 
all llio flames or gratings on winch tlie moist starch is spread in a thm layer or in cakes 
The boat aiTongomont consists of channels or gaUedos 10 to 12 metros long, 1 2 metro wide, 
and 2 metres lugli, through whioli 
trolleys carrying the frames pass 
Prom one end to the other, the 
lot, dry oir la injeoted under alight 
ircsHuro in the opposite (hrootton 
yy a largo helical fan, gentle suotlon 
wing applied at the far end if uoocs 
lory liapid drying depends not 
10 much on the temperature as on 
ho supply of the proper amount 
)f pure, dry all The doors of 
ho drying tunnel slide up, aud 
Jti opouecl just Bufllolently to allow of the omtiy and oiat of the trolleys from time to time 
every hour) 

It has recently boon proposed to employ moolianioal driers oonslatbig of a numbei of 
toiica fitted with endless bonds, or of long revolving oyllndors, while In some oasos drying 
u a vacuum hoa boon praotisod as with dlstfilory rosiduos (sss Fig 151, p 183), time and 
1)000 bobig tliuB economised and the output oonsoqueutly greatly luoroosod 

The dried starch forms frioblo lumps, and to obtain it in iiowdoi it la passed first into 
moved cyliudors and then into sieves ahnilor to those employed In nulls. For the use of 
all mills, see Vol I , p 652 , tills VoL, p 260. Miorosoopioal appooronoo, ase p 687 

Yield of Starch and Treatment of Residues Of 20 kilos of starch present In potatoes, 

7 to 18 are usually obtained In the pure, dry state, the rest going into tlio rosiduea. The 
loJat pulp, freed from starch (within 0 6 per cent.), contains tlie parenchyma aud opidennls 
f tho pototoea, which are composed largely of oolluloso saturated with aqueous Jmoos 

1 10 2 )rosaed pulp (about 16 per cent, of tho weight of tho potatoes), which is some times 
ried (it then ooustitutos 3 to 4 per cent of tlio weight of the potatoes and coutolus 50 to 
') per cent, of staroh), forms a good oattle«food, either alone or mixed with bran, ohofi, etc 
j is dried in the voouiun apparatus used for “ grains ’* (sec p 183) or for beet pulp (ms 
I g 336, p 563) Tho waste waters oontom potash salts (0 06 per cent. K|0 + 0 017 ikjt 
ait, PaOa + 0 1 per cent, Dsh + 0 24 per cent sugar + 0 12 per cent, gmn + 0 17 per 
mt. nitrogenous substances) and may be used for irrigating pasture land , if it is not 
gested quickly it undergoes fermentation. These waters are readily clarified by colloidal 
ummlum hydroxide. The moist, non pressed pulp has the following percentage oompoai- 
311 X water, 86 ; protein, 0 7 to 0 9 , fat, 0*1 , staroh and extractives, 11 2 , cellulose 
6 , ash, 0 4 

WHEAT STARCH Smoe wheat also contains, in addition to 56 to 65 per oent of 
arch, 12 to 16 per oent of gluten, the separation of the latter renders the preparation of the 
%roh more difflonlt. By the fermentation process (Halle) the gluten la rendered soluble 
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and confleqnently lost, so that only wheats ooutainiiig httle glutoji aru tmittd in tins 
mii.nnAr The non fermentation prooess, in. whloh the gluten is ruuovorcd, is tho oiio usually 
employed, more espeoially beoause no large amount of bod smolhiig iKpior la foruuHl, oh ih 
the oone with the other method. 

In the fermentation prooeas the wheat is cleaned and atoopod m water in npimmtUR 
similar to that used with barley to bo malted (ms Ihg 165, p 105) When Hulliolentiv anft 
to be aq^ueezed between the hugera, tlie wheat is passed bofcwcou a piui of Hiiiootli rolla 
whioh break the epidermis without crushing it too much TJio moHH is placed in large 
tanks and covered with the add liquid from a previous fomicntatioii, alooliollo fonnuiiUi 
tion starting in a few days and being followed by acid farmentations (lactic, biityiio, acetic, 
etc ) with evolution of gas , the fermentation is oompleto in 10 or 12 daya in Biiinnior or 
20 days m winter, the hquid being then clear, yellow, and covered with mould, but nut yet 
smdllng The odd liquid is decanted off, and tho starch separated from tho bran in a 
flnftly perforated drum under a current of water The solid residue aorvi'a ns cattle food, 
while the atarch-milk is allowed to deposit In the ordinary vats, wlioro it is wosliwl , it is 
then conveyed to the fine slevea and inclined oluumels (see under Potato iStai*cli) 'riie 
pure starch separated m thiH way should, however, contain a small proportion of gluten, 
ainoe, during the drying, this facilitates the formation of so called crystaJs dcHirabh^ lu the 
Qommeroial product. 

The crude starch Tmlk con be puilffed more rapidly in the Fosoa-Dooastio centrifuge, 
whloh has a non-porforated drum. The purer storoli is deposited first m a compact layer 
on the inTiflr surface of the basket and ^e less pure starch milk remaining is diHcharginl 
automatically before it deposits its impurities, new starch milk boiiig iiitrudueed and 
treated similarly until a thi^ layer of moderately pure starch is obtoineiL Tlio ceiitiifugi^ 
IB stopped, the water discharged from the middle, and the yollo^vis1l, Huporlloial iKirllun 
of the starch, which oontams gluten, etc., removed with a sponge, Tlie utamJi Is then 
discharged, mixed with water in a vat fitted with a stirring arraugomont, and the Htoruh 
cream, sometunes after a little ultramarine or indigo oarmiiio lias been addnd, IntroduuiHl 
into the suction moulds 

The drying of the cakes (au Potato Starch) la carried out mmedxuldy (to avoid mould- 
growth), and in winter time this is done m an oven, the temperaturo of wliicU is raJHinl from 
30° to 76° , in the summer the drying is begun in the air When a certain stogu is n^achiKl 
m the drying process, the cakes shrivel at the surfoco , this less pure portion is removed 
and the cakes broken mto smaller blocks, whioh are wrapped in paper and dried further 
Under this treatment the mass gradually assumes the radiating strueturc ^ 

In the non^femjsniaivm process the arushed wheat is treated with a atroain of 'water, 
being mampulated meanwhile m the form of a paste, which is placed on xwrforatod uhauiu^ls 
or sie'vee so that the whole of the starch is gradually removed and tho pasty glutcm left 
The starch is then deposited m the ordinary manner, while tlio gluten in tronsfi^rred to 
rotating oylmders with their inner surfaces covered with points, wliloh retain the pure 
gluten , ‘ the bran is 'washed away with 'water* 

According to a suggestion by Pesoa, the dry ground wheat is mixed with water and 
the paste introduced into a centrifuge with a prorated drum, tho staroJi being uoparatod 
by a oontmuoua current of water, while the gluten remains in the centrifuge ; tho fuithor 
operationa are os usuaL The Pesoa prooess is very simple and more convenient tlion that 

^ WheaifioviT attains its mazhnum whiteness 30 to 00 daya offacr grinding and rotnlnH it until 
about the sixth month, after whioh It slowly darkens* In Amerloa various patentu have been 
filed, durina the last few years, for dbtalnliu this maxipiu m whiteness more rapidly by treating 
the flour with ozone, ohloiine, Nomine, sulphnr dioxide, eto , but bettor results ore obtained with 
nitrogen peroxide (NO|) AooordiM to some observers, flours bleached In this umy ^gin to 
darken earlier, irregular st ainin g tak£^ place. The prooess whloh has given the most favourable 
results and has been largely applied in Amerioa and bmore the War also m Italy, la that of Wosenor 
(Ger Pats. 200,660 and 232,204), according to which flour Is bleached Instanbanooiuly in oontaot 
with a current of air containing mere traces of nltroayl chloride {see Vol I , p 380) j 1 Jdlo of tho 
latter is sufflcient to bleach 100 tons or even more m flour* 

* In presence of a httle 'water and at a moderate temperature, the ffltUen thus obtained 
undergoes a slight fermentation and becomes liquid , when mded in tliln layers on metal plates, 
this is obtamed m transparent sheets, which ore used as a glue in tho manufacture of l)OOta 
Or the gluten Is m i x ed with 6 per cen^ of powdered salt and made into strings In presses , the 
strings ore dried In an oven, when they become friable and readily convertible into flour, which 
is used in the pre^aratloii of dough and serves aa a foodstuff when mixed with other products. 
The duten oontams 76 per cent* of nitroganouB substances, 21 of non-nitrogenous suDStanoes, 
1 to 6 of fat uid 1 6 of ash. 
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desonbed above. The average yields, ooJoulated ob poroentages on the wheat, follow 
hist quaUty storoh, air dried, 64 , gluten flour, 12 , bran, mixed with a little gluten and 
Btaroh, 10 6 , matters dissolved m the waste water, 14. 

Miorosoopiool appearance, 3e& p 687 

RICE STARCH On tlie average, rioo ^ ooutams 77 per cent, of starolL and less gluten 
(4 to 6 oont.) than wlioat, but the staroli is more diflloult to separate (for 1 port of gluton 
about 1 part of storoli is lost) Of all tho prooesses wluoh have been suggested, that devised 
by Orlando Jones in 1840 still gives the best results. Use is generally made of waste rloo 
(bi-okou rice, uostuig 14a to 24a per qmntal oooording to the season), which is softened 
in a largo galvanised iron or iron steeping oyllnder with a oouioal base, by moans of dilute 
solutions of eaustio soda (0 8 per cent m winter, 0 5 per cent in suininer) Hero it is left 
for 5 to 15 hours, Iwmg mixed every 3 to 6 hours with a vigorous air jet , in winter 
the alkali solution is healed to 20° The duration of the steeping varies witli tho quality of 
tile nee and 'with the season of tho year , Itnlioii noe requires 6 to 0 hours and Itangoon 
noo OB muoli as 14 liours, tho Roda solution bouig olianged in tho latter oaso after six or 
eight liouTS After stoophig, tho noe uan he readily oruslied between tho fingers. Tho 
chsaolvod gluten (20 to 80 gnriB x>or litre) is soporatod from the olkolmo liquid simply by 
aeidifioation with siilpliuiiu acid (In order to hnng tlio gluten mto suoh a oonditloii that 
it oan be fllturod m a filter prosa, tho temperature is raised to 80° or 1 kilo of h me Is added 
per ouhio niotro of tiio oJkolino solution) In Bomo oases the gluten 1b oxtraobed witli an 
alkohno liquid lu on apiiaratus ahnlloi to beet-difiusora (see p 672), while in others tho 
oxtrautioii is oaniod out ni a vacuum witli agitation. Tho swollen and sOftoiied noe, eon 
talnlug a little of tlio olkalluo solution, is then ground between horizontal miUsbonos, a 
liquid paste with 22 to 20 per oont.^ of atoi'ohy matter boing obtained , this ib pumped 
up into laigo square cement tanks provided with stirrers (dse Fig 401), where it is treated 
with more dilute oaustlo soda solution (0 2 per cent.), core bemg token in summer that 
tlio tomporaturo does uot rlso Buffioiontly to admit of fermentation. In these tonics tho 
mqiaration of the storoh fi'oin tho hquid occupies about 1^ hours after the stirring 
IS stoppocL The hquid is decanted and tho residual starch mixed with a frosli quantity of 
0 2 per cent. NaOH solution and left for 46 mmutes to settle. In some oases thia wosLing 
IS ropoated a third and fourth time, the thin surface layer of yellow atoroh ooutainlng gluten, 
etc , being Horapod ofi each time before adding fresh washing 'water , tho aoraphigs from 
tho first and aeooucl settlings are gLeiind again In the stone mill, sieved, and mixed with tho 
other staroli. Aftca: the final washing, foi whioli water is used, tho storoh-mllk is conveyed 
to othoi ooment depositing tanks, being previously passed through osoillatiug, molinod 
silk sieves or through revolving perforated oyUndors sprayed outside with water to prevent 
olistnictioii by Impuntlos or by solid gluten (tho gluten separatoa boat ivith rather hol’d, 

^ Rens {Oryza nalim) is an onuual plaub belonging to the Gromlneco Indigenona to filasterii 
Tiulla and, according to some, to Ethiopia. In Europe It is cultivated principally in Italy and 
nitH) in Hpalu and lu the sonth of Knaal^ particularly on Irrlpiblo landa In Japan and Brazil 
lb 1 h grown In the moist soil of warm, lalny rodona, while iu Amorloa lb is eTtenfrivcly oultlvabod 
in Fbrlda and Southern Carolina. In rhto piontatlonB tlie bottom of tho plant in kept under 
almost stagnant water, and, on account of the miasmata, which cause malaria, tlie fiolds sliould 
be at sumo distance from any habitation , the ripening of the head is brou^t about by tlie 
intenso heat of summer After tho harvest the rice is separated from the oar by moans of suf table 
mocliinoa (tiiroshcrs), but still retains the glumos or hu^, being known os paddy rice. This is 
Hoparatod from the iwduoa by means of concentric toothed oylindors and Is then sieved and placed 
between two light, horizontal, stone discs (or broArntn), one of which Is fixed while the other 
revolves i In tins way tJie husk is removed The husk was formerly, and towrome extent la now, 
separated from the rice by means of vcrtloal pestlos, which fall aubomatlosJly but without touohhig 
tho bottom of the mortu filled with the rfoo , tlie grains of rloo ore thus rubbed, one against 
the other, and the liusk removed The complete removal of tho husk and dust Is effected by 
moons of a ^plo vertical mlU similar to the double one used for block powder (Fig 166) and 
making 30 to 40 turns per minute. The rice Is finally polished In a aoublo vcrtloal ooiiloal 
apparatus, the inner cone of which is provided with brushes of vertical metal wires and rovolvoa 
at the rate of 200 tums per minute, and mbs the rice against the outer prorated cone , the 
polished rice Is dischiu^ed at the bottom 100 kilos of j^dy rioe give il kilos of dehusked 
idee, or 07 of oommoroliu iloe, or 03 of unpolished or partially polished noe, or 69 of polished rice 
The residues oonaiBb of abont 1 6 per cent of waste, 20 per cent, of hutic, 2 6 per cent, of resin, 
and 8 6 per cent, of meal, which is used os fodder, and oontolns, on an average, 12 6 pei cent, 
of fab, 13 per cent, of totoX protein, 6 per cent, of o^nlose, 46 -pec oent. of extr^tives, and 8 per 
cent, of A hectare of good rice land jdelds 60 to 70 heotols. of rice. The following prices 
were qnot^ for rice in October, 1911 Paddy rloe i Ostiglio, 17« Od , ; Japanese, 13a 6d , 
Burmese, 16a per quintal j Ostlglia doe, first quality, 86a lOd , third quality, 84a j Burmese, 
2Sa, ; first quality Japaa6se» SIQai Od, 
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ohalky ^^tor) The depoaitod Btoroh la mixed with water and oentnfuged in a non per 
forated drum m the manner employed for wheat atoroh, the yellow aiirfooe layer boiiig 
removed with a apooge Finally, it la made into a thick paste (24° or about 50 per 
cent of water , oJkabruty less than 0 2 per cent ) with water and moulded under an air- 
preaaure of two atinoapheroa or with a Buotion pump giving a vacuum of 000 mm (jvpc 
F iga 402, 40!1, 404) , the starch lias not a very bright appearance if made into uakoe 
immediately it leaves the centrifuge In this way blocks containmg 40 to 50 i)or cent of 
water are obtomed, and these ore subjeoted to a preliminary drying in an ovou at 40° to 
45° , after 6 to 8 days the moss contains 30 pei cent of water and is shrivelled at tlio 
surface, owing to efflorescence of the gluten, etc This impure, yellow portion, whioli may 
oonstitute 16 per cent, of the whole, is sawn oif, washed, cenirifugod, filter pressed, and 
then either treated ogam or dried and sold as a lower grade produot. The romcuiung blocks 
are dned further in the aor or, more commonly, after wrapping m paper, in an oven, whore 
the temperature is raised to 26° In two days, to 28° on the third, and tlien slowly to 32° 
or 36° In 16 to 20 days the moss coatoins 12 per cent of water and is orystaUlsod ooni 
pletely in long, fragile needles with irregular surfaces , these blocks oi'e then exi>osed to 
the Djr (sheltered from dust), the normal moisture-content of 16 to 18 per cent, being tiius 
acquired (the alkalinity is usually below 0 16 per cent.) According to Ger Pat. 206,703, 
the formation of needles is acoeloratod by drymg tlie moist staroli rapidly, grinding and 
oomproasing m the moulds , the cakes ore then wrapped m paper and placed in the oi'dinaiy 
channel ovens, through which warm, tiunaf air Is passed. The starch may bo blooohod in 
the ordinary way with sulphur dioxide and blued ^th ultramanno (about 150 to 200 grins 
bomg added per 600 litres of dense oi'eam before introducing it Into the moulds) Dlffloultii*a 
are often encountered in the manufacture of rice starch, owing to the roadhioss witli which 
fermentation oeouis, this leading to generation of gas and to trouble m the settling and 
olearmg of the liquids , the remedy lies in moreasing the concentration of the alkali employod 
or In the use of sulphur dioxide. Eioe gluten, separated from the various residues and 
alka l in e wash waters, cannot bo used for making shoemaker’s paste. 

Rico starch is empbyed largely for making face powder and almost exolusivoly for the 
Btarclung of hnen, a gloss being obtained in the latter case by the addition of borax (0 to 8 
per cent ), finely powdered steano acid (2 to 3 per cent), etc. 

Statistics, see later Mlerosoopiool examination, see p 687 

MAIZE STARCH The maize, which has an average starch content of 02 to 05 per cent., 
IB softened in tepid water for 8 or 4 days and ground coarsely, the gorm and bran 
being then separated and the romainiDg flour treated several times with sulphurous acid 
It IS then sieved and the resulting starch milk treated as usual in sedimentation tanks, the 
last portions of gluten being removed. The form of the granules is shown on p 587 

SOLUBLE STARCH This is used m largo quantities as a dressing for textile fllircs and 
os an adhesive. It Is prepared by the action on starch at ddferent tomporaturos of many 
difioront reagents, such as alcohol and water, caustic soda, sulphuric acid, calcium iiypo 
chlonte, gaseous chlorine, ammonium persulphate, hydrogen peroxide, formic odd, gosoons 
hydrogen ohlonde, d%amaU (a dense diastase syrup or molt extract, known in Germany oh 
diosiofor), hydrofluoalhcio acid (at 80°), eta 

USES OF STARCH Large quantities of starch are used as a dressing in the aplnuing 
and weaving of textile fibres, in calico printing as a thichemng material, in tlie manufacture 
of paper, In the preparation of adhesive paste, in the laundiy and kitchen, as well as for 
making dextnn and gluoosa^ 

DEXTRIN ifl found ready formed m vanoua vegetable luices, but is olwaye 
mixed with, starch and sugar, while that prepEured Eirtificiolly from starch by 
the action of heat, acid, or diastase consists of a mixture of products inter- 
mediate to starch and sugar (maltose and glucose) Several dextrins of vaiious 
molecular magnitudes are known (achroodextrin, amylodextrm, erythrodex- 
tr m, e to ) Biltz and Truthe (1913) determined the molecular weights of various 
dextnns by measurmg the osmotic pressures of their solutions, use being made 
of artifi.oial membranes of copper ferrocyamde enclosed in pure collodion The 

1 The adhesive power of storoh is detarmlMd by heatmg a mixture of 4 gnns with 60 ao 
of water over a naked bunaen flame and boiling for a minute until it becomes transparent and 
fr5th» ^ flame bemg then removed , if, after shaking and allowing to cool, the 
paste IS thick and cannot be poured out, the adhesive properties are satisfoototy. 


* 



DEXTRIN 


507 


values obtained were amjlodextim, 20,600 to 22,000 , aobroodoxtnu, 8200 
to 11,700 , erythrodextnn, 3000 to 6W0 , /3-dextrm, 960 

Aooordmg to some, dextrin has a marked aldehydio choraotci, and hence 
gives aU the reactions of the monoses, mcluding those with phenylliydrazme and 
Fehlmg*s reagent, while others hold that the aldehydic choractei is feeble, and 
others, again, that Fehling’s solution is not reduced, even on boiling This 
diversity of view is explamed by the groat difficulty of separating chemical 
mdividuals from tlie mixtures containing them , in any case all the dextrins 

E iepnicd commercially reduce Fehhng’s solution to a greatei oi loss extent 
►exbrm is not fermented directly, and diastase does not transform it entirolv 
into fermentable sugar (maltose), 16 per cent romammg imchangod, although 
this slowly becomes fermentable under the prolonged action of diastase (sec 
p 141) 

Dextrin is known also by various commercial names {veqdahle starch 
gum, artificial gum, gcmmelinc, British gum, etc ), and fonris a liglit powder 
having a slight smell of new 


bread , it is white, yellowish, or 
oven brownish, aooordmg to the 
purity, the method of preparation, 
and the purpose for which it is 
mtonded It is sometimes sold 
in seim-tronsparent, yellowish 
lumps It dissolves completely 
m wutei when piuo and has u 
high lotatoiy power f [aj„ = 
about 194°) , it IS insoluble m 
alcohol With iodine solution it 
gives a reddish coloration, and 
boiling dilute hydrochloric or 
Hulphiiric ttcid converts it into 
glucose, while malt transforms it 
mto maltose , with concentrated 
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mtiic acid it gives oxabo acid 

Commercial dextrins often contain a little starch and glucose, so that tliey 
tlieii give a violet coloration with lodmo and reduce Fehluig’s solution m the 
hot , the specific rotation vanes from 126° to 226° 


MANUFACTURE Aooording to the ordinary Hoiiso proooas, 1000 kilos of staroh aro 
molabenod with 2 kilos of nltrio aold of 40° B4 diluted witli 300 litroa of water, tho i)a8to being 
mado into loaves wlnoh ore dried in the ur, ground iinoly, and lioatod for about two linura 
at 100^ to 120“ For thia purposo tho starch la either spread in thin layoi’s on a niunbor of 
trays, which aro arranged m a aiutablo ovon, or placed in a oiroular Uliland apparatua 
(Fig 400), tlio boBo of wliioh is hoatod with auperhoated steam while tlio mass is mixed 
ooutinually by means of a stirror fitted with a number of pegs. If the tomporaturo is raised 
to 130° to 140°, the duration of heating is shortened, but yellow and not wliito doxtnu is 
obtained. 

Doxtirinifloation is complete when the product is entirely soluble in water and gives no 
longer a bluei, but only a reddish brown colour with iodiue solutloiL 

The preparation, of dextrin by torrefying starch is, however, a very simple proooas, 
whioh oan also bo oardod out m tho Uhland apparatus, tho staroli being sturod and heated 
at 180° to 200° by means of superheated steam until it assumes a brownish yellow colour 
and gives the reactions Just mentlonGd. The steam pipes are utUisod for the oii'oulation of 
cold wator Immediately dextrlnifloatlon is oomplete. Its moisture-oontont is adjusted to 
about 12 per cent before it is marketed 

To dlstinguiBh oommeroial dextrins from gum arabio, tho aqueous solution is treated 
with either oxalio oold or ferrlo ohlonde in the oold or oonoentrated uitrlo aold m the hot 
dextrin is not altered In this way but the gum beoomes turbid or gelatlnisoa Further, 
dextrine are strongly doxtro rotatory, while gums are almost always Iravo rotatory 
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GUMS These are also polyoaes (OeHioOn)!! '^hloli ore frequently formed in plants nncl 
ore soluble m water or swell up, giving visooub, atioky hquids , they are Insoluble In alooliol 
and other solvents of the reeina Gum Arabic is excreted, from Deoember to May, as an 
aclhoBive juioe from the bark or, better, from the roots of oortam Afnoan aoaoiaa, H to /> 
metres in height , after drying, it has the sp gr 1 487, and the various oomponents violil 
d-gluooae and arablnose on hydrolysis In Egypt these aoaeias occupy entire foroatu, 
especially in the provinoea of Eordofan and Qedda (White Nile) The natives make a 
number of moisions in the roots, and the bquid which issues oondonses lii tlio aJr into 
nuthko masses, these being detaohed before the oomnienoement of the rainy season Tlio 
grains have the colour of amber and become white when exposed to tlio au, so that thoro 
are two qualities of the gum It is used in large quantities by jiaatry cooks and m textile 
dyemg and printing, and generally as an adhesive. 

A Bimilar t 3 ^e of gum, obtain^ in abundance from Senegal, iasues from certain woniida 
of cherry and peach-trees, while Gum Tragacanth ia extracted from certain variotios of 
AabragaliiB in Serbia, Syim, Persia, etc , and, after being rendered mudlagmous by pro- 
longed ooutoot with water, is used as a thickening material m oaJioo printing, etc 

The value of a gum is esoertaaned by determining the viscosity of its solution 

P 91) 

GLVeOGEN or Animal Starch is also a polyose (CQH]oOk)H> foimd pnuolpally in the 
blood and hver of mH.TnTnft1fl. It is a white amorphous powder insoluble lu cold water, aiicL 
18 coloured reddish violet by lodme aolution. It is converted mto maltoBO by an onzyuKs 
wliilfit on the death of the animal containing it or on boiling with dilute acids it is imnH 
formed into d-gluoose 


CELLULOSE, (C^UMn 

The actual molecular magmtude of cellulose has not yet been establiHlKul 
but IB certainly very great ^ Like starch, it may be regarded as a multiple of 
OgHioOfi, but, while starch is able to undergo trausformationfl (mto dextrin, 
maltose, etc ) m the vegetable organism, cellulose represents a stable complex 
Together with ligmnj cellulose forms the prmcipal component of the ce]l-wal]« 
of plants It occurs, for infltonce, m wood and cotton, m different degrees of 
purity, while m diffeient vegetable oiganjBmfl the cells assume distmct and 
oharactenstio forms, readily recogmsable under the miorosoopo (nee Part III , 
Textile Pibres) C!otton-wool and Swedish filter-paper consist of celhilose in an 
almost chemically pure state * 

Pure cellulose lorms a white amorphous mass and can be obtamod by 
treating q^otton (fl-ocks) successively with hot dilute oaustio potash, hot dilute 
hydroohlono aend, alcohol and ethei, and drying at 126° to elimmato the wator 
with whioh a small part of the cellulose is hydrolysed 

^ In order to determlno at least mnmum values for the molecular mofmitudea of the uolycisoH, 
Skraup (1006) applied to these oompounds a reaction ^ven by the blosea , when the latter 
are tinted with aoetla anhydride and dry hydrogen ohlorlde gas, they give ohlorooetyl dorivatlvoH 
without nndfiigolng hydrolynls, and toe chlorino-oontents of those derivatives IndJoato the 
molecular weights. In this manner the moleoukur weight of ceJhUoae is found to be at least finUH, 
that of soluble starch 7440, and that of glycogen 10,350 

* Erom blie omde cellulose or woody ports of plants, J E5nJff (1000) separatod four oomponou ts 
^vlng the following reactions (1) AemtesfluZose, whioh is hy^1y»^ by ^luto mlnerai aoldH , 
(2) o^in or aubenn, which* is eolublo in alkali bub insoluble In ammonlaQal copper oxide snliitioii , 
(8) UgniTh, whioh is oxidisable by weak oxidising agents , (4) true csCulcsf, Insoluble in dilute 
aold or alkali, soluble In ammonlMal copper oxide, not oxldiBable by hydrogen peroxido. 

The port of the oelluloaa which ent^ Into the formation of the cell, bub ^vea no glucose 
on hydrolysis, oonstitatea the hemloeUnlose group , the hemloellulosee of lupins, certain liohenB, 
eto , givo galoobose, xylose, mannose, eta, on hydrolysis. 

Oroes and Bovon divide oellulosee into four groujM (1) oellulosea whioh ore hydrolysed with 
difficulty and oontoin no ootlYe carbonyl grouTO (aJdehydio or kebonlo), the ohoraotemtio type 
of this group helng the ceUulose of cotton, (2) oxaloses which contain active oorboiwl and, 
Bometlrus, methoxyl groaps, and give furfural when hydrolysed with hydroc^orlo acid , such 
ore the oeUuloaes of wood and straw , (3) oeUuloses (or hmxceJmtoaes) which are easily hydrolysed , 
(4) complex oeUuloses. 

The furfural and methylfnrfuial formed by the celluloses of group (2) may be derived fiom 
the j)S7Uose8 yielded by the pentosans of the oellulosea or from the furfuroiaa wMoh ooour in 
abundouoe lu vegetable organisms, emd although they oontoin no pentosans yet give furfural 
(mc p 628) 
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CelluloHo does not dissolve m ordinary solvents, 
m conoentratod zino chloride solution, oonoontrated Bimhiiiii 
(sp gr 1 52), 41 poi cent liydrochlonc acid (winch conv^i^j^JffSp^ 

glucose in 48 hours), hydrofluoric acid, phosphoric acid, 

OS 8 H) 01 , best of all, in an ammomacal solution of copper oxide (S^wSt/oi’s 
leagent, prepared by dissolving freshly pieoipitated, woll-waslicd copper 
hydroxide m oonoontrated ominonia solution in the proportion of OuO to 
4 NH 3 + 4HaO) , from this solution it is roprecipitatod oa gelatinnua hydro- 
cellulose by acids, alkali salts, or sugar solutiuna Hydrocolluloso dissolvcfl in 
a mixture of caustic soda and carbon disulphide, and la lopreoipitated in a 
gelatinous state by salts, etc These jelhes are used foi the munufaoturo of 
aitiflcial BiUc 

Diiboso (1906) found tliat solutions of tliiooyanates constitute good solvoutH 
for cellulose , ammonium thiocyanate, for example, gives viscous solutions 
fioni which water sepoiates gelatinous oellulose In diasolviug in any solvent, 
liowevor, oolluloso generally disaooiatea into simpler molecular complexes, whioli 
cannot bo converted into the ongiaal cellulose but give hydro- or oxy-oolluloso, 
which show moiG marked roduomg properties ^ 

The piolongod action at moderate tempeiaturcB of acids, alkalis, and 
onzymea results in the gradual hj^drolysis of oellulofle, so that, while bofoio 
liydrolysis only a brown colour is obtained with iodine solution, after the 
action of concentrated sulphuno acid a blue reaction is given , m this reaction 
the oellulose swells and dissolves mto a land of paste, and the action on this of 
water separates substances similar to starch [amyloids) If the hydiolysis is 
earned further the reactions of the dextnns may be obtained, dilution with 
water and hoihng then resulting m the formation of inonosos (hoxoses and 
pentoses) ® Cellulose may lienoo bo regarded as composed of complex anhy- 
drides of hexosea and pentoses, and recent investigations mdicate tliat the 
bohavioiir of oellulose is boat explamed by regarding it as a colloid containing 
groups with acidic hydrogen 10 ns, others with basic hydroxyl ions and some 
ixon-dissooiated groups , the leachons of ooUuloso with both basic and acidic 
suhstauoea are explamable m this way 

Cellulose has alcoholic characters, the hydrogen of eaoli of the liydroxyl 
gioups being replaceable by an acetyl- [see p 381) or rntro-gioup, etc Not 
more than throe or foui hydroxyl groups correspond with oaoli six carbon 
atoms , with nitno acid three mtrate groups can be introduced, wlulo witli 
uoetio anhydride, in presence of Bulphuno acid, esters (cellulose aooiatoH) 
oorrospondmg with four liydroxyl groups per Cq are obtainable (Gross an(l 
Sevan, 1906) 


Aooorduig to H Ost (1900) the ordinary methods of acetylation always yield tnaootatoH 
of oellulose, but hydrooelluUm is first formed as an intonnodlato produot, (0 |HioOb)q, HgO, 
and it is this whioh forms the plasblo triooetate, [OaH 70 B(COOIIo)o],^, H|0, used oa artificial 
silk, eto ‘ II the action of sulphuiio ooid and aootio anhydrido is oarriod too far, friable 

^ Other Bolventa for oellulofle, as given by Donning (lOll)t oro t oonuenbralod anuoous 
nolubloDS of SBOLq, Sn0l4, Znl3r|, best In presenoe of a lialogenated aolcl ; 0a01|, O^Bri, llaCJl., 
MflBri, Lid, KBr, In. nresenoe of formlo arid or of formlo and liydroohlnrio oofds togethor. A 
Holution of rino ohlorldo In oonoentrated hydroohlorlo ooid dissolves oellulose more oasUy than 
aqueous rino chloride. 

* ITumerons attempts have been made to oonvei^t wood Industrially into sooriiorlne sub- 
stanoes and so prepare akohol (see p 107), but It was only in 1010-1911 that iloohrig, Ost, 
and WUkenlng showed that oellulose oon be transformed oompletely into fermontablo ^uoosa 
by dissolvli^ lb In oonoontrated snlphuilo aold, dilating until the solution oontains only 1 to 2 per 
cent, of aold, and then heating at 110° to 120° (but nob to 125°, as was done by Simonson, sfnoe 
a part of the glnodae la thereby destroyed) Oohol (1012) obtained 25 per oont of reduoina 
Bubstanoes from sawdnsb by heating the latter under preaauro at 125° to 150° in presonoo 01 
0 5 to 0 8 per oent. of hydroohlorlo arid. 

' Cellulose Acetate la solnble in ohloroform, tebraohloroethano, aniline, pure aoetio aold, 
epiohlorhyd^ and boiling nltrobeneene. The leas highly aoetylated prodnote are soluble In 
aloohol, pving a solution \^oh, together with camphor, serves for the pre^rabon of aeSHA films 
for oinematographs , these films are oonsiderably less inflammable than those of oellulohi T^e 
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acetates of no mduatnol value ore obtained, the ultimate product being a oryatolliiie outo- 
aoebate of a biose, ceRoae or ceZlofttow (CbHiqOb),, HjO, whioh oon bo liberated from the 
acetate by hydrolysing with aloohollo potoah but is of no value mdustrially Tho rotatoiy 
power of oellobioflo is 33 7®, tho solubility of ita pheuyloao/ono m boihiig wutor 1 135, 
and the melting point of its phenylosazone 198® , it is thus quite different from maltose 
(rotatory power, 142 6® , melting pomt of phenylosiizonG, 206® , solubility of plienyU 
osozono m boding water, 1 76) The origin of oelluloae in plants cannot bo recorded ns a 
oondensatiou of staroh , the latter is probably converted into glucose, wliioh gives oollnloHo 
on condensation The preparation of nitrocellulose (p^jroosyhnt guncotton, qoHocUoil 
cotton) has already been desenbed in the chapter on Explosives (p 266) 

Cellulose Formate (Blumor, Qer Pat 179,690) has also been proportKl 
At 210® cotton begins to decompose witli evolution of carbon mounxldo and dioxide, 
ifiotliyl alcohol, acetic acid, acetone, hydrocarbons, etc (see Distillation of Wood, p 330) 
By the dry distiUation of pure oellulose (Swediali filter paper) under ordinary presniire, 
Erdmann and Schaefer (1910) obtained about 6 per cent of tar, 42 per cent, of acid liquors, 
and a residue of carbon, together with gos containing 66 per cent. GO, 19 pei oont CHj, 
11 6 per cent B!„ etc , from the acid liquors, acetone, foruioldohydo, furfural, motliuxy 
furfu^ rnaUol (CqHoOb, which, according to Poratonor and Toauburello, has tlio oon 
CH 0 C CHax 

stitution II II J , ond y valorolaotoiie were separated. With lapso of time 

CH CO C OH^ 

or under the action, of bacteria, etc , cellulose undergoes various changes (sea Peat, Idgnlto, 
Cold, VoL I , pp 443 et seq , and Methane, p 33 of this VoL) 

With hot 1 per cent sulphuno acid, pure oeUulose yields only traces of formic and 
ooetdo acids, of which wood, straw, etc , yield as much oa 2 8 per cent , tho formyl and 
acetyl groups hence onginating In the hgnin Tho aoetio odd fonnod during tho dry dia 
tiUation of wood has a different origin from that obtamod by heating with very dilute 
sulphuric acid 

Pure cellulose, winch ooutains 0 04 per cent of ash, has tho absoluto h]) gr 
1 68, and dissolves to the extent of 0 6 to 0 9 per cent in 16 per ooiit. sodiiun hydroxide 
solution and, after boihng for 6 hours, to tho extent of 2 per oont in 3 per cent sodium 
hydroxide solution. When diy it la an excellent elootriool insulator, but its bisiilating 
power diminishes rapidly as its moisture content bioreases m the air Hnaponded tlmunlH 
of cotton pass to the anode when a current passes The hygrosoopio moisture varies, with 
the degree of comminution of the fibre, from 6 to 8 iier cent 

Pure cellulose remainfl imaltercd up to 160°, but at liighor toinperaturoB bogins to turn 
brown and deoompose , if contaminated, even with oxyoolluloBo, it dccomposoa at a lower 
temperature. When distilled it gives no metliyl oloohol , tlio exothonnal prooosa during 
the distillation oocuis at about 290®^ and is ohoraoterlaod by abundant separation of 
water 

Mineral acids, oven when very dilute, hydrolyse oelluloae more or less, and If any traocs 
of acid remam during the drying of the product hydrolysis proocods rapidly, causing 
diminished strength of the fibre and increased rednoing powoi Concentrate (or oven 63 
per oont ) sulphuno add transforms oollulose Into a colloidal solution , 69 per cent, odd 
gives amyhvl and 78 per cent add poreAmeTU. 

trlaoetyl compound is used for making ortifldal silk {sm laler), and Is preiiared by treating 
hydrooeUnloso in the cold with acetic anhydride, a few drops of ooncentratod sulphuric adtC 
and a little glacial aoetio add or phenolBulphonlo add 

More or u»b suoaoesful attempts have also been made to aoetylato oollulose in the hob with 
acetyl chloride and metallic acetates, the reaction being faoUltated by the addition of a small 
quantity of pyridine or quindine and, In some oases, of a solvent of oelluloae ooetate (a.p , aootuno, 
nitrobenzene, naphthalene, etc ) 

The following method of manufacture (from Fr Pat. 347,906) admits of the direct acetylation 
of ootton textilBB and may be taken as an example 10 kilos of defatted cotton, oonWlnlug 
10 to 20 per cent of mdsture, are heated with 40 kilos of aoetio anhydride (containing 0 26 per 
cent, of concentrated snlphniio acid) and 160 kilos of benzene, at 70® to 76°, in a reflux apparatus 
until a small portion of the ootton dissolves completely in oliloroform , the whole mass is then 
pressed and dned 

Gross, Bevan, and Briggs (1007) obtain oeUnlose aoetatea easily and cheaply, without preparing 
hydrooellulose , oellulose is breath directly with a mixture of 100 i>arta of glacial ooetioaoi^ 
30 of zinc chloride, and 100 of aoetio anhydride, the whole being heated for SO hours at 46® 
Odlulose acetate is larnly used os dope for aeroplanes and as a coating for the fabric 
of airships to render them Impermeable to gas It farms a good electrlod insulator 
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Tho action of sulpliuno aold on aoliulose voiioa soniowliat witli tlio ooiiGontration of 
tlio aoid, the diirution of the reaction, and the lomperatiire. The oonuentrated ooid has 
a gelatinising ootiou and dissolves port of the ogUuIobo, which is repreolpitablo by water 
or ammonia. If tho action is protracted, the very fnable Hydrocellulose, OibH^qOu 
[(C gHioOfl)a, HrO], is foniiod, but, in general, hydroooUuloaes of dimiiusiinig molecular 
woiglit and inorooauig friability (ag , oeilobioao , jree above) ore successively formed. Tlio 
liydrouolluiose fonnod in tho preparation of artidoiol silk is only shglitly fnable, and lias 
probably tho formula (CgHj 00^)0, H|0 Snioe also those liydrooellidoses exhibit rathor 
differont belmviour towards dyes, it has been suggested that the naino hydrocellulose be 
given to that resulting from advanced hydrolysis by non oxidising acids , tlie increase of 
weight diimig tlus ohoiigo, owing to tlie addlUou of hydrolytic water, is 8 f) to 5 per cent , 
this being lost at above 120°, whilst tho liygi-osoopio moisture is expelled at 104° This 
liydroooUuloso reduces Folding’s solution (Ost , Cross and Bovaii, 1009) On tJie other 
hand tho name celluhae hydraie or JiydraoeUuloae is given to tliat obtoiiiod by gentle oUui 
line liydrolysis, which produces an augmentation in weight of 8 to lOpoi cent. , hero, too, 
tills liydrolytio watei is given up at toiuporaturos above 125° HydrooeUiiJoso does not 
rotluoo Folding's solution Soliwalbo (1007) moasurod tho reducing power of hydrocollidoso 
towards Folding's solution ^ 


‘ CVess and Bevau proposed for oolluloao tho fonnula 
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On tho basis of the furmatlun of tho tnnitrato and trlacotato, Oroon (1804) suggested for ccUu 

OH(OH)— cm aH(OH)v 

lose a furmula (or some multiple of it) ooutiduing 3 OH, namely | >0 ^0, 

OH(OH)— CH (OHg — ^ 

CH(OH;)— OH CH(OH), 

and for hydrocelluhsp the formula I >0 , those coustlbutiQiis explain tlio 

OH(OH)— OH CHa OH 

formation of furfural by the docompodtion of oellalose and also tlio formation, under the aotloii 
of oxidising and bleaching n^ts, of oa&yceUuhse oentnining koUmlo gronns which ronut with 
phciiylliydrozmo, reduce FonUng's solution, and admit of dlreut dyolng by bade dven 
\p y , metlivleno blue) Two oxyoellidosos are, liowovor, distbigulshod tho one very similar 
to hydroeelluloHo and Insolublo In hollliig dilute alkali, and the otlior possosaod of onnsldorablo 
reduoing power and soluble in olkolL 

The hardening of ooUidose in tho formation of wood is due to its partial ti’ansfurniation into 
LIGNIN, which is not yet well doUned ohemioally but oorbalnly oontiuns metlioxy ^uns, wliioli 
explain the formation of motliyl alcohol and aoetio odd when wood Is disblUcu According 
to (jreon, lignin Is formed by d^ydration of ooUulose and would bo a polymorldo uif 
CH I C CH OH 

I >0 >0 , but Klason is of tho opinion that lignin Is a kind of gluoosldo wltli two 

C*H I 0 OH OH 

aromatic nuolei oontoinlng mothoxy- and hydroxy groups, also lateral groups, CH 1 OH and 
OH| OH, besides the fundamental oellulose grouping ; it is probably repiesentod by tlie formula 
hiiio which there enters a oondeusation product of ooiilferyl or isoouuLforyl alcohol 
Dry wood oontahis 20 to 30 por cent, of lignin, Sohultzo, Tollons, and KOnlg hold the view 
tliat the hard port of wood la formed of oellnlose, together with small ^portions of pentosans 
and of lignin. Tho formation of wood m plants has b^ attributed by Wislioenus to the colloidal 
character of the plant flnlds which, in tho Initial phase, transport into the tissues tho caUnlose- 
hy^gel as a BUporflolal, ohemioally indlflerent substiuioe j in a seoond plioee, the latter u 
lignihra by absorptlou and surfaoe MlatlnlsatlQn of the ooUoldal znetaboUo snbBtanoos contained 
In tho sap Lignooellulose Is hyorolyaed and dissolved by smo chloride eolation and by 
ammonlocol copper oxide Bolntlon, dilute oolds and alkalis also exerting a hydrolysing action 
Lignin mves a number of colour reactions, a g , with aniline sulphate (yeUow), with pnlor^nolnol 
a^ l^roobloiio odd (red) , with potasmom ferrioyanlde it forms potasdom ferrooyam^ and 
with mohslne decolorisra by sulphur dioxide it gives a red colour , it Axes various aniline dyes 
VOL n. 89 
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When sheets of pure, unsized paper are umnersed for a few minutes in sulpliuno aoirl 
of 60° to 60° B6. and then washed iminediately in a plentiful supply of watw, they nre 
oonverted into ^parchmsmt paper (artij(iotaZparcA?7tS7U), amyloids being formed at tlio sui’foioo 
These ortifloial parohmente are distinguished from the natural ones by the prosonuo of 
nitrogen in the latter, and from paraffined paper by the oxtrootion of tlie paraffln from 
these by ether Forohment paper Is rendered softer and moi-e transparout by iminorsioji 
in g^yoerme or gluoose solutiom If oellulose pulp is well ground and beaten in the hollandar 
until it forms an almost gelatmous pulp, a translucent paper oau be obtained whiuh m 
mmilar to artihoial porohment and, under the name ofpergamin, is largely used os a wrapping 
for foods and fatty matenaJs , this may easily be distinguished from v^otablo jiarehmunt, 
whioh IB oomposed of oellulose hydrate (amyloids) and is henoe ooloured blue by a solution 
of lodme in potasamm iodide, whilst pergamm gives no suoh ooloratlou 

With oonoentrated zmo ohlonde solution, oellulose gives oompouuds siinllar to those 
it forms with sulphuno amd papers thus prepared and then superposed and ooinpresHiMl 
form the so oaHed mdoan fibre , this is very hard, impermeable to water, aud a bad eon 
duotor of deotrioity, and is used for making plaques, tubes, and noiseless gearing 

When oellulose is treated for a long time with energetio oxidising ogonta, it is oon verted 
into osoyoelluloae (OuH^eOiQ)^;, which lowers the resistanoe of the tissues and, uulike oullu- 
lose, reduces Fehling^s solution and fixes, although feebly, baeio dyos and alizarine without a 
mordant Hydroedhdose reduces Fehling's solution dightly and is not ooloured by boAlu 
dyes 

When oalluloBe (^un or woven cotton) is treated m the oold with oonoentrated oaustio 
soda solution (26° to 86° B6,), it swells and becomes semi tronsparont owing to the forma- 
tion of BodiooeUndoae, and treatment of this with a large amount of water oonvorts it into 
hydrooeUnlose {set above), the original appearance of the cellulose being retained. In tho 
hot, however, sodiooellulose cannot be obtained (aee Port IH , Toxtilo Mbres and Mpr- 
cerised Cotton), prolongation of the ootion then rwulting in deoomposltlon into oxollo ooid 
Hygrosoopio water hdd by oellulose is dimlnatod by heating at 100° to 105° , tlio watei 
of hydration in hydroodlulose is determined by heating in toluono or petrolouin or at 
130° The hydration ooourrmg during meroensation inoreoBes the weight of the cotton 
by 8 to 10 per cent. 


PAPER INDUSTRY 

As prime material m the paper industry, use has bean and is still niodo of all the oullu- 
loBio fibres obt a i n ed from most widely difiermg plants,^ linen and oottou rags, straw, wood, 
hemp, eto 


(so , methylene blue, eoam, eto.) dirootly Wood is regarded by Gross and Bovan os an ostor 
of lignoowulose, denved from oellnloae (polyhydrio oloonol) and hgnui a^i (Hgnin) 

History of me Paper Industry The origin oi paper dabos baok to thg Hocond 
oentgjy B o , whm the first traoes of it were evident in Chma. In oarly tunos raooa maftod their 
moroa and. vntinga on atone, wood, and parohment. In the seveu^ and olghtli oontuiies tlio 
^pan^ and otter naighbonrmg peoplea feomt how to prepare paper the hark of vorious 
trees, this mdustry then becoming known to tho Arabs, but only much later in Kurope. In IlOO 
its appearance In Oermany, In 1260 in Franoe,Ta 1276 in Italy, and In 1430 In 


T* bem^ bmk, cotton and Imen rags wore also employed for paper making In 

Italy the flirt Import^t factory furnished with amdara and pistons for the preparation of the 
fitted at Fahii^ In 1820 With the subsequent discovery of printing, the 
papeemdufltey underwent an unforeseen and marked development, and grow fo enormous 
proportlonfi m the nineteenth century 

^ ffl^t^th century, the pistons and grindstones in use up to that 
materWs were gradu^y leplMed by the so called hollandera, whioh 
^ ^ ^ Improvement m tho qu^ty of the produot. Tho^and 

pne^^^ST**^ the end of the eighteenth oentury, the form balng improved and the 

to tho Old of the paper manufacturer, and os early aa tho 
nineteen^eni^ the paste of cotton or Imen fibres, mixed in largo tanks, was 
^ ^ ^ revolving, perforated drum, through whioh 

1 ^ t^t rudimentary eonimuous macinnes were first employed, 
TiiA ^ paper a metre in wldtt at a rate of 10 metres per minute. 

nATMT> v^ aconrate, continuous meohinea of the proaeiS day give 

paw aa much as 4 melzea wide at 160 metres per minute. 

anarfeer of ohe^o5 treatment of the raw materials In tho first 

q nineteenth centniy, the putrefaction to which the rags were subjected so that 


i 
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It 1b not poaaible liero to reviow all the wondearful meohaiuoal improvements whioh 
rondored paper making one of the most mtereBtlng and important mdostnee of tlie uiae- 
teenth oentory From tJie arrival of the wood In the footory to tlie despatoli of tlio rolls 
or reams of paper, all the oporatlons are oorrled out meuhanioaJly by ineoua of perfected 
maohlnery, which Is not oidy more rapid m its action but more ooourate thou hand laboui. 

A description cannot be given here of all tlio varied and ingemous clreBBingB employed 
bo obtain difierent kinds of paper, or of the inhierol hading of kaolui, banmu sulphate, 
^psum, etc , with which some jiaiiers ore so impregnated that the mineral substances 
3xoeed the vegotablo matter, to tlio delight of the tradesman who bcUb gypsum for ohooae 
ir sauBogos 

What will be attempted here will be simply a brief desoiiption of tlie various treatments 
•o which the raw material is subjected to convert it Into paper 

Paper footonos require a plentlfnl supply of pure water, wMoh must not contain iron 
md should bo flltorod if turbid. 

The rags, gathered m places of all sorts and in all conditions, are ooquii'od from the rag* 
norclianta, who separate those of ^vool and silk, whioli go to wool footonea, etc , and often 
ort the remaining hiion and oottou rags into light and dark sorlB. 

Tho rags arrive at the paper fnotoiy In large bimdlos, some light and others dark 
^reference is given to linen rags, slnoo those give longer and tougher flbros and ore used 
Jso to improve thoso of cotton. Tlio iirst operation to which thie rags should bo subjected 
3 disinfootion, oltlier by heat (great care being then token to avoid fires) or by gaseous 
iisuifoobants (e^g , by introducing tho bales mto loige iron oylindeiis, which ore then ova 
uated and filled with formaldehyde vapour) In many factories, however, tills disinfeo- 
ion IB omitted, tho health of the sorters being thus jeopai'disod SoriiTig is camed out by 
^orlqieople who spread the loose logs on tables and separate oorefuliy those wluoh are more 


liey might be more easily diBliibQgratod was roplaood by heating with soda and lima In emeu 
oilera and, later on, In closed boilers under steam pressure TJien eamo bloaohing of tho fibres 
dth gosooua ohlonne and subsonuenbly with oJilorlde of lime OMio yoJIow coUnioue obtained 
om straw can also bo bloaolied in this way, and slnoe 1830 has boon used in Luge quaiitltiBs 
)r the commoner papers and foL mixing vdbh rags. Slslng of papei by moans of rosin soap, 
[though BUggosted in 1600, only labor oamo into goneral use 
With the rapidly luore^ng oonsumption of jiaper, thoro oamo a time of doartli uf raw 
laberLUs , ootton and linen rags were no longer obtalnablo hi suilloiont quoubltloa, and straw 
luld not be used alono It heiioo booome neoossary bo look for other souroea of oelluloso, aucl 
is to Keller that we owe the happy aolutlon of this pressliig problem In 1843 ho succeodod 
L uidllslng wood cellulose by means of maohinee whlon, rotating rapidly agalust logs of wood 
spt wot, gradually oonvertra the wood into on aqueous pulp made up of blio Bopaiato fibres , 
Lose machines wore Improved later by Vfiltor, and tho fust factories of ^lecJuintcal loood paly 
ere erected This Inexhaustible ma^lol con bo purified by boiling It with oaustio soda In 
geatera under pressure and bloaohing tho resulbonb brown moss wiUi ohlorldo of llmo ; this 
'ooedure gives che.imcat uoood pufp, which to day forms tlie basis of almost all kinds of paper, 
om the finest to the commonest 

In 1884 Dahl effected considerable economy lu the manufaoturo of wood pulp by replacing 
i6 expensive oaustio soda to a large exbenb by sodium sulphate , ualainatlon of the evaporated 
sidue of tho exhausted lye jdolds mainly caustic soda, sodium carbonate, sulphide, 
iosulphate, eta, and a solution of this product acts on wood, giving a wJiitcor and more re^tout 
nducc. Although this process was applicable with advanto^ to straw cellulose, which gives 
lod results only when treated with alkali or sulphate (the consumption of straw is llimtcd 
iwodays by its increasingly high pride), it was not convenient for dealing with the onormona 
lontlaes of wood neoeasaiy to meel the growing demands for paper 'As early os 1805, Tilgman 
America had attempted the chemioal purification of meohonical wood pnlp by dige^on with 
id aulphltee, and in 1874 Skman's Lirge factory at Bergvik was wor^g regulaily wltli 
ikgnoalum bisulphite. Heanwhlle, Professor MltBoherllch of hfunloh (1872) had suggested 
e improvement of this process by using oaldom blsiiiphlte in large dieters under pressura 
om that time, and especially after the Improvements Introduce by Keller, the use of bisulphite 
read gradually In Germany and other Kuiopeon coiuitrlee and reoelved a fi'eah Impetus on the 
we orMltsoherlioh's patents. At the prosanb tune, with rare exceptions — these including the 
tatmenb of straw, whioh oontoinB silloates nob abided by bisulphite— almost all wood pulp 
transformed into o^ulose by the blaulphlbo process. Thu process not only effects eoonomy 
the digosblQii of the wood pulp, bub results In on increased yield of a whltOL and stronger 
sduot. 

With improvements in the chemioal methods and especially by the use of energotlo bleaching 
wesses (cnloilne, chloride of lime, electrolytic alkali, hypoohiorlte, etc ), it become possible 
uidlise the wood of maiw different trees — m>m the fir to ue poplar — so that there is now no 
Qger that raw material for paper-midclng may some day fall In Canada alone there oro still 
ests large enough to supply the whole world inth paper for 800 years, even with a mnoh larger ‘ 
auaJ consumption than at present. 
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or leea white and those which arc coloured to varying degrees , the larger pioocs are then 
ont by special cutters (Fig 406), liaving a number of horizontal kuivos fixed to tho pen- 
pheiy of a cylinder, the Boaras, buttons, hooks, etc , being proviously romovod Tlio 
different qualities then pass to suitable maohiuea to be oloaned and brusluKL Fig 407 
shows a simple form of dusler, in which the rags are beaten vigorously liy pogs on rajiull) 



revolving honzontaJ wooden oylinders and earned to the opposito end of tho niaoblno, 
while the dust Is removed by on air draught to be deposited in chambers or in large bag 
filters of vanous typos (Fiohter, Booth, etc ) 

After this tho rags are washed a httle with water In vessels simllai to liollandors (aoe 
pp 201 and 610) without knives but with a voned wheel and a gauze drum for renewing tho 
water They are next removed to revolving sphenoal bdlcrtf, whore tho residual dirt is 
eliminated and any dye, fat, resin, storoh, gum, or other impurity doatroyod This is 
effected by boiling, sometimos with soda or oaustio soda, but more oonunonly witli lime (2 

to 6 per oont. on tiio weight of tiio 
rags) and water Tlieao boilers 
(Fig 408) hold os much os 2000 
kilos of rags and moke about two 
revolutions por minute, while steam 
IB passed m through a tubo travers- 
ing tho axis until a pressure of 2 to 
3 atmoB is rcooliod* The bojUun 
ore coated with insulatingmatorlal, 
and the boiling lasts for 0 to 12 
hours, aooording to the nature of 
the material When tho boiling 
IS finished, tlio steam under proa- 
sure is released Into tho adjoaoiit 
boiler, in whioh tho operaluon is 
just stortmg, and the rags romovod, 
rinsed well in water, and reduoed 
to a fine pulp in moohluoa similar 
to hollandors {see later) with cast- 
iron or reinforced oonorote tanks, 
tho knives of the drum not being 
set too oloso to those of the fixed 
plate. About 20 horse-power is 
required by the hoUanders for a 
charge of 200 kilos of rags The loss in weight in all the operations up to the present stage 
varies, according to the quaUlty of the material, from 12 per cent to 40 per cent, In hol- 
landeiB or giTnUn-r vessels holding up to 800 kilos of rags, the bleaching is oonied out with a 
clear solution of ohlonde of lime, of whioh 2 to 10 kUos are required per 100 kilos of rags , a 
little Bulphuno aoid (100 to 200 gnns per 10 kilos of ohlonde of lime) is finally added to 
liberate all the chlorine from the bleaching agent In some footorira fresh eleotrolytio 
solutions of sodium hypochlorite (ass Vol L, p 672) ere used. The bleaohing must not be 
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too prolonged, and the pulp la aftorwarde washed in largo quantities of water until oil amoll 
of olilonue Jioa disappeared and potassium lodido staroh paper is no longer turned blue or 
blue litinuB paper reddened , as a precaution, 30 to 50 gnus of Bodiiiin thiosulphate (anti- 
ohlnr) and soda are orlded to eooh vossed. The blooehod mass or half-aliifft as it is called, is 
fi-ood from water and allowed to drain for some days in brickwork olioanbers with floors 
of absorbent grooved bnoks JTrom these it is taken In the moist state ss roquirod for 
imadng with bleaohod wooil pulp The mixture is beaten in true hollandera, the knives 
being sot more or less close oeoordlng as more or less fluo rtfined pidp is required 

WOOD-PULP (Mechanical Pulp) TJio treatment of the woody parts of the vanoiia 
plants Biiltablo for paper making [flr, pine, laroJi, poplar {PojnilvJt ntgra or, bettor, 
PopuliM caTmdmaia), beech, biroh, esparto (of whioh Algeiia exports half a mllUou quintals 
aimnally), straw, hemp, broom, eto ] vanes somowlint, as the cellulose and the surrounding 
lignin are present in different proportions and iu different states of aggregation-^ Logs 
eonbalmng few knots are out into 


the roquirod longths (40 om ), 
wJiiuh, after the knots Iiavo been 
removed by a boring moohlno, ore 
barked in another maohlne The 
logs ore thou doflbred by being 
proasod against a stone mill, whioh 
revolves rapidly and removes the 
fibres tangentially This mill is 
about 1^ metre in diameter and 35 
to 40 om thiok, and it revolves 
either horizontally or vertically (at 
150 to 180 turns iwr minute) To 
the lattei type belongs tlio veriical 
grvtder dovlswl by Voith and sub- 
Hequoutly improved in various ways 
(Pigs, 40H) The tliroo ahaniboi’s 
iioiTes 2 )oiiding witli the three 
toothed rods, B, contain the logs 
out to the proper length, and, 
wlulo tJie grinder revolves, those 
are pressed against It by tlio eor 
poapoiiding covers whioh aro forced 
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lown by the toothed rods , the latter connect with goaiing worked by a chain, 7), the 


velocity of wliioJi is proportioned to that of the grinder Tlio profsmro la nowadays 


^ In the diidntograted wood, tlie proportion of celluJow is determined by dlgostiug several 
dmos \vltli Hodlum hlsulphlto solution ann then treating repeatedly with nlilorlno at 0°, by wliiuh 
noans almost all the uonstltiionts except the oellulose are dissolved For the dotormlnatiou 
>C the cm/r rflluhfte In plants, Weondor^ older method, modified by Honnoborg and Ktohmann, 
las boon largely roplacod by that of (labrlol (or Lange and Kdnlg) i 2 gnus of the finely divldecl 
mbsfcance is lioabarin a boakor with 5U au of alkaline glycerine (33 grma of oaustle soda dissolved 
n a litre of glyiterine) at 180°, the mass bolng then cooled to 140° and poured Into a basiu eon 
•oinliig 200 0.0 of boiling water, wltli whioh ft Is mixed and allowed to settle. Tlio siipomatout 
Iqnidls drawn off through a siphon covered with cloth at tlio end dipping into tiie liquid, and 
the deposit boiled with 200 o o of water wbloli Is aiphunod off os hefora Tlio boiling is repeated 
vith 20<) c 0 of water containing 5 c c of eoncontrated hydrcohlorio oold, aud the residue finally 
irniight on to a tared llltor, Avashed with water, alcohol, and ether Buouesslvely, dried and weighed 
ls crude oellulose. 

To determine the nufs oellulone, almost free from pentosans, osli, etc., KOnig's method Is used 
grroSt of tlio finely alvided, oir dried matcdal Is treated with 200 o a of glycine (sp. gr 1 230) 
ontainlng 4 grms of oonoentrated sulphuxio ooid lu a dish whioh is heated in an oven at 187*^ 
or exaot& one hour, the liquid being then allowed to oool to 80° to 100°, mixed with 200 to 
50 0 0 ^hot water, boiled and filter^ hob through an osbestoa Alter with the help of a pump 
lie filter is ^en washed Avlth 300 to 400 o c of hot water, tlien with boiling oloohol, and flaally 
dth a hot mixture of alcohol aud ether The Alter with its eontents la next introcluo^ into a 
liatJnum orudble, which la dried at 105° to 110° and weighed The orudo cellulose is then ashed 
y heating to redness, the loss In weight tbue produced representing the ornde oellulose £ 1*66 from 
sh If, m a seoond estimation, the cellulose la not dried and aahed, but is repeatedly treated 
3 r aeveral hours with strong hydrogen peroxide and ammonia, and Anally washoo, dried, weighed, 
shed, and again weighed, the propoiiion of pure, white oellulose ia obtained. The dlAFerenoe 
etween tho crude and the pore oeflulose ifepresenta the ligntTii 
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exerted hydraulically , Fig 410 ahowB a senes of such vertical grinders in whioli hydraulic 
pressure is employed* Honzont^ gnnders (Fig 411, vertical section , Fig 412, gonornl 
view) with hydraulic pressure are now widely used, as they admit of a larger nuinboi of 
logs being ground at the same tune. While in operation, the grinder ia continually sprayed 
with water to prevent heating and to remove the woody fibres as they arc hberatod 



Fra 410 

According to the pressure of the logs on the grinder and to the speed of tho latter a 
more or less fine pulp is obtamed with a smaller or larger content of splliilera, dust, and 
other irregular and unusable portions , these ore removed by means of sloping hIovcs, 
B and Q (Fig 413), on to which the channel, ri, conveys the water to carry away tlie crude 
wood pulp, while powerful water jets carry the splmtors (^i), tho good fibre (c), and tlio 
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dust (E) to various ooUeoting channels Cylindnoal or superposed sieves are also used. 
When the wood-pulp is to be used immediately for making paper, It is mixed with the 
necessary quantitiea of rag-pulp and dresamg and worked up os described below, but 
generally the wood-pulp is placed on the market, in which cose the water is removed and 
the pulp converted into sheets by sucking it on to drums of metid gauze or travelling planes, 
through which the water is drawn by suction , the continuous layer of pulp is out into 
lengths and is best dispatched in the wet state (with 40 to 60 per cent of water) Some- 
tunes, however, the sheets ore dried on hot drums, ^though this renden dlffioult the subse 
quent treatment neoesBory to transform idiem into pidp in the hollonders, 

ft ^ L 1 P t e 
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Wood-pulp IB yollowiah or rather brown, and still oontaiuB olL tho enoTustliig substanoe 
(lignin ) , it cannot be used as it ifl for paper, tli© action of light altonng Ita colour immo- 
dlatoly It onniiot bo bleached with chloride of lime or alkaline roagenta, which intensify 
ita yellow colour, but good reaulta arc obtained with Bulphiir dioxide, wldoh does not, 

indeed, remove tho yellow 
tint bub prevents the browning 
or reddening which gradually 
Botfi in. 

Barked and cleaned logs 
yield about one-half thoir 
weight of dry wood pulp (oon- 
iaining 12 to 15 per cent of 
moisture) 

CHEMICAL WOOD-PULP 
This IB obtained by removing 
the oncrusting matter from 
the wood or other raw nmte- 
Fin 413 (straw, hemp, alfalfa^ 

e&parU)t^ etc ) by means of 
vanouB ohemiofll agonte It wm Payon who flrat, in 1840, attempted tliis puriHoation 
with nitric acid, and who afterwards tried eaiistio alkalis, sulphurous aoid, etc. Tho 
preparation of the cellulose in the chemical way can be effected by (a) the soda proosss^ 
(b) tlio bisulphite PTOCM8, (o) the elaolnc process, (d) the Monrie ^process 

(a) Tho logs freed from bark and knots are converted into stioks 1 oncu thick, wliioh 
arc heated for some hours witli caustic soda of 
12° B6 under a pressure of fl to 8 atmos (100° 
to 170°) m large digesters, 100 to 200 on metres in 
capacity Various typos of digester are In use, 

Mg 414 showing tho vortical typo dovlsod by 
Sinclair Tliis consists of an iron oylmder, A, 5 
to fl metros in height, with conical extremities, a 
oliarging orifloo, 0, a wide linilzoutal disoliargo 
bubo, Ui, a tube, b, by which the caustic soda is 
Introduced, and an inner perforated jacket, whioli 
is fUlod to the oxtont of four fifths with tho 
stioks Tho ro8Di*voir, (?, oontains a supply of 
caustic soda snlution, and circulation In tho 
digester may bo offocted with the lielp of a 
Kflriing injootor, tho oooks of tho tubes, and 
hj being opened, the latter oonveys tho alkali 
on to tho stioks, while that oolleoted between tho 
perforated jacket and the inner wall of tho 
digester asoends through The hot gosee 
from the hearth, K, heat the digester and pass 
through E to the ohlmney At the end of the 
operation the highly ooloured alkali is disobarged 
from the tap, V, and oan be used for soveral 
Buooessive treatments, being relnforoed eoob. time 
with a little sodium carbonate. The sodais eventu- 
ally leoDvered from this liquor by evaporating In 
a voouum, oalclning the residue, extraoting tho 
sodium carbonate thus formed with water, boding with milk of lime, and decanting the 
resultant oaustlo soda solution (see VoL 1 , p 554) But for this roeovory of the soda, this 
process would be inapplicable. A method which is more eoonomioal and more generally 
used consists In remforolng the alkali liquor first used with sodium sulphate, instead 
of the ooibonato, for subsequent operations | the liquor is then ultimately evaporated in 
a vacuum and oaldned, the sodium sulphate, in presence of oarbonised organic matter, 
being converted partly into oauatio soda and partly into sodium sulphide (which exerts 

^ Espario and alfalfa, which ore very similar, are the leaves of Lygeum sparlum and Stipa 
lenaetMtma reapeotlvaly, and are used for making nets, sandals, mats, ropes, paper, e^ 
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on wood the aome action as oauatio aoda), juat as In the preparation of soda by the Loblono 
process (see Vol I , p 601) Extraction of the oolomed inoas with Avator yields a liquor 
eontoining sodiom sulphate, sulphide, and oarboiiate, 
and IS ready to act on fresh quantities of wood In the 
digester Cellulose thus prepared is termed 8ul]}haie 
jmLp The oonoentration of the alkaline liquor is oocoin- 
paiued by the production of pungent and disagreeable 
odours, which are a souroo of annoyance to the neigh- 
bourhood, so that in certain oountnes (e g , Scandinavia) 
such oonoentratioD is prohibited It has been suggested 
to destroy these odours (due to mercaptan) by nitrous 
vapours, or to oondense tlio noxious fumes or pass them 
over metalhc oxides 

Use IB also mode of horizontal autoclaves arranged 
m senes like sugar diEFusors (see p 540), while ordinary 
vertical iron digesters, os shown m ITig 416, ore largely 
employed The digesters may be heated with indirect 
steam for 24 to 48 hours, or, more economically and 
rapidly, by direct steam (10 to 16 hours) to 140° to 160° 

(12 to 16 atmoa ), but the yield is then rather lower and 
the mass slightly more attacked The residual cellulose 
18 washed, in the digesters themselvea or in hollanders, 
with water and steam, and is then mixed with the 
quantity of rag half stuff necessary for the kind of paper 
required, the whole bemg then worked In the hoUander into tlio rofinod pulp (acc laler) 
( 6 ) Calcium BtsulphiU (Mitaoherlloh) or Magneaium BtsulphiU (Ekman) Procesfi Tills 

process IS the one most largely iisod at tlie present 
tune, os it gives a cellulose of bettor quality than the 
procedmg method The wood la Jioatud iindoi pros 
sure (116° to 130° or 2 5 to 4 atmoa ) in largo auto- 
olavoa lined insldo with cement or bnejework witli a 
solution of caloium bisulphite, Ca(UOQil)B, or mogno- 
snun bisulphite, whioh disaoiveB the oucriisting matter 
but does not act on the oelliiloso ^ , tlio liquid is circu- 
lated inside the boiler by means of an injector or [>y 
leaving a small upper tap slightly o^ioa The bisul- 
phite Bolubiou of 4° to 6 ° Bd (about 30 giTus of HO 2 
per litre, approximately one tliuxl being combined 
with lime) is pi'oparod in very toll wooden towers 
(that of Horpf being os much os 36 metros high), 
usually lined with lead and ffUed Avith Umoatono or 
dolomite (Fig 410) A current of sulphur dioxide 
ascends from the bottom to the top of the tower, 
while the trough, Zij, supplied by the roaorvoir, S, at 
the top, yidda a floe spray of water , the bisulphite 
solution is collected at the bottom Horpf a tower 
has ten gratings (1 to X), oonnootod by stops ndb 
shown m the figure , each of those oau bo oharged and 
attended to independently of the others by moans of 
tho door, k Tho first six gratings are cleaned oveiy 
four weeks, but tho others for less often 

The sulphur dioxide issues from pyrites fumaoos 
into tho iron tube, 0 , and posses down the earthenware 
pipe h, B B being for oonvemence of cleaning The oaldum or magneeiuin bisulphite solu- 
tion deposits its suspended matter In L and is then disoharged Into storage tanks. When 

^ Ingntn is dissolved with remarkahle ease by oalolum bisulphite, giving a stable soluble 
compound, the Bul^hur dioxide m which la neither detectable by lodliio, nor capable of being 
set nee by sul^nno acid, nor able to exert reducing aotiom Sulphurons acid alone does not 
act BO well as the bisulphite, the lime being neoeaaory for the formation of these sulphonlo salts 
and for the neutralisation of the snlphurlo add always formed 
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tlio whole of the tower is to bo washed, the plug, P, of the oisteru is raised Towers with 
bundles of wide vortloal tubes oro also used (!E^g 417) 

Wood m logs IS treated hi aiutablo boilers, either horizontal as in tho Mitaohorlioli pro- 
cess or vertloal (Fig 418) as m the Ritter KoUder process Thoao arc of lion and wore 
formerly bned Avith thick load to resist tho action of tlio sulpliurous acid, but now a lining 
of acid resisting bnok or spooial oeinont is profuired , tho oooks are of phosphor bronze. 
To oBoertain tho completion of the action of tho biaiilphito on tho wood in tho digesters, 
a sample of tlio liquid is removed now and then and treated in a graduated tube with 
aiumoiua , when tho calcium sulphite oooupios one slxtooiitli of the voliuno of the sample 
the hcatmg is stoppled, and when tlus fraction la reduced to one thirty second the operation 
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Is tiDlahod and the coloured liquor con be discharged The whole operation, Including oharg 
mg and discharging, prelinilnary treatment of the wood and aotlon of tho bisulphite, 

50 to 60 hours. The spent bisulphite liquor is highly coloured and charged with salts, 
gummy matters, tannin, glucose, pentoses, aoetio ooid, nitrogenous compounds, etc , and 
it is usually forbidden to turn It Into watorooureoa or bottomless wells , so that It Is often 
purihed by precipitation of the sulphite with lime, the calcium sulphlto being then recon- 
verted into the bisulphite by sulphur dioxide. Attempts have also been made, but with 
little Buooces, to evaporate the residual liquor and so obtain adhesive gummy substances 
utilifiable m the preparation of cool briquettes. In a faotoiy with two boUerg, each of 
120 ou, metres capacity (12 to 16 metres high, 3 6 to 4 metres m diameter, sjid about 2 cm. 
bhiok), each of these is charged with about 200 quintals of wood and 86 ou, metres of bisul- 
phite solution. With a monthly output of 1000 quintals of colluloae, the daily production 
if spent liquor la 80 ou metres, the organic residue amounting to 8 per cent, and the ash 


I 
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to 2 per cent The rational disposal of these spent hquora is always a sorious piohloiu, 
which still awaits solution y the attempts made to prepare alcohol from them nro nicntioiicd 
m the note on p 169 

The yield of cellulose vanes with the quahty of tlie wood, but is a])out 40 tc» fifi pci 
cent 

(c) Skcinc Process This was proposed by Kelhier, and oonsists iu pnasluK tlntmuh 
olosod receptacles containing the wood a solution of Bodiuin chloride at 12(1", tiu'ough 
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which an electric current passes , the chlorine, hypoohloroiis acid, and oaustlc soda nc b 
together m the nascent state, dissolving the encrusting substances of the wood and liberating 
the cellulose This process has not yet been much used 

(d) OklonTie Process This has been often attempted without Huuoivis, Init dnihig 
recent yeiLCB has been again tried on an rndnstnal scale, owing to the largo nujipUoH of 
ohlonne rendered available by the development of the deotrolytic monufooturo of caustic 
soda. The processes now being appbed arc derived from tbo analytuial method pi'opoacd 
long-ago by^(}ro8s and Bevon to separate oelluloae from Ugmii. 


I 

H 
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MECHANICAL REFINING OF THE CELLULOSE AND MECHANICAL WOOD-PULP 
The mass of wood, more or less finely divided, extracted from the digesters is cooi'sely 
deflbred m smtable dismtegratmg maohmes, and the cellulose and the meolianloal pulp, 
either together or separately, according to the kmd of paper required, are introducod Into 
the so oailed hoUondera, where they are completely deflbred and converted Into a very 
fine pulp , bleaching with calcium hypochlorite and the subsequent washing are also 
earned out m the hoUanders, as is the addition of dressing, colour, size, resin, alum, etc , 
necessary for the desired paper 

The hollander beating Tu a chine oonsists of a large, oblong wooden or, better, cement 
vessel {A, Figs 419 and 420), in the middle of which is a vertical, longitudinal partition, 
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1 
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which does not extend to the ends of the vesed. In one part of tho veasol 1 b a large revolvnig 
dniiu, Df fumiflhcd at Ita periphery with a number of cutters which circulate tho water 
oontaitiing tho oeliuloso or meclianiool pulp Tho bottom of thia part of tho Teasel ib m 
tho form of a ridge (P72, ]?ig 420), and at a point, F, on one of the slopes ore fitted cutters , 
the drum can bo moved up oi down by moaus of tho lever, HQj and the distaiioo between 
its cutters and those at F thufl adjusted as roqmrocL The inovemout of tho water produced 

by tho rotation of the drum 
causes almost tho wliolo of tho 
oollulose and pulp to jiass 
between the fixed and revolv- 
ing outteiB, and after some time 
the woody fibres swim sepa 
lately in the water As tlio 
process goes on, tho knives ore 
giodiuiUy bi-ouglit closer to- 
gethor until tlio desired degree 
of fineness Is attoinocL The 
moss posses up tho plane, P, 
down tho plane, P, round tho 
partition, P, again up tho 

^ piano, P, and so on 

Ftg 421 The waslung water can bo 

oliangod by linnioraing iii tho 
free half of the veasol a fine gau/o drum from wliioh tlio watei* can bo aspirated by moans of 
a pump This dnim is then raised by the ohoin and pulley, P (Fig 410), and fresh water 
introduced into tho vessel To avoid apiirtiiig from the drum, P, It Is fitted with a cover, T 
In the base of tho vessel and in front of the Inclined piano is a rocoss for catch Ing pieces of 
Iron or stone accidentally present la the wood pidp, tho outtors thus bolng proteotod fiTun 
damage Fig 200 on p 21)1 shows a battoiy of hnllanders, wlilcb are also used for gunootton. 

SIZING AND FORMATION OF THE PAPER Tho refined pulp in tho hollandoi, 
containing tho dliToront raw inatenola (rags, wood- 
pulp, odluloso, etc ) in tlio roquislto proportions, _ - 

is blued and sized boforo being transferred to the ~ 

continuous mooliinoa Tho blueing is effected by 
oddbig, a short time bofore the end of tlio beating, 

000 to 1000 grms of ultramonno, Prussian blue, or 
aniline blue , a little later tho size Is added, whtoh 
renders tho paper unpemona to water and prevents 
ink from running on it , if blotting paper or filter- 
papor is required, tho sizing is omitted Sizing may 
be carried out on tho finisliod paper, but it is 
usually preferred to add the dressing directly to 
tho finished pulp while this is still suspended In 
water, since in this way oJl the fibres become coated 

Avith the size without losing the power of adhering, _ ^ 

one to the other, to form a homogeneous, felted TuasB 1 

of papen Animal size was at one time used, but, ' / 

owing to Its ready putrefaction or alteration even ‘ 

while it Is being applied, it has been almost entirely 

replaced by rosin (colophony) previously rendered ° 

soluble (resin soap) by means of caustic soda. With water this soap forms veiy fine, 

homogeneous and peraiatent emulsionB, the eiBoaoy of which may be increased by tho 

addition of starch paste (m amount sometimes oqu^ to that of the realn) or of casein 

dissolved In dilute soda solution. The total drosslDg added amounts to 2 to 6 per oont. of 

the dry paper 

In order to precipitate the realn in a fine state of division on the fibres, a solution of 
aluminium sulphate (or of potash alum) is added to the homogeneous mixture of pulp and 
resin soap ; as was shown by Wurater, this effects the precipitation of the ream, starch 
(or casein), emd a very small amount of olnminlum resinate. Nowadays one half of the 
aluminium sulphate is sometimes replaced by the cheaper magnesium sulphate. The 
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BO called loaded ^p&ra are obtained by adding, m addition, a oonfliderablo quantity (boitk}- 
times 60 per cent.) of kaobn, bonum sulphate, talc, or calcium sulphate. 

The colouring matters (mineral dyes, lakes, or substantive anilmo dyos) are also added 
directly to the fiaishod pulp, orgamc dyes being the more commonly used TIio lakes are 
produced by mimag basic dyes with the pulp and then precipitating with tannin solutions , 
for direct dyeing, substantive dyes {see kUeTf Colourmg Matters) ore oinployod. Powdered 
lakes obtained by precipitating either acid aniline dyes with aluTuiuluin hydroxide or bosiu 
dyos with tannin or tartar emotio may also be used. 

After all these additions have been made, separation of any of tlio oomiiononts from 
the homogeneous pulp is prevented by conveying the latter into two vats, where it is kopt 
m motion by stirreia, the resultant milk beliig moro or less dense acooiduig to tho tliiokiioss 
of paper requlrocL Before going to the oontuiuons machine to bo converted Into i)aper, 
the pulp IB passed through a punder (Elg 421) which removes any clots of fibre still pro 
sent This purifier oonsistB of two or three shghtly inclined, oscillating plates, porforahKl 
with very fine slots , when the pulp is fed regularly on to these plates, tlio fiiio fibres pass 
through while the lumps ore discharged Into ohonnols provided for the purpose 

The homogeneous pulp ooUeoted under the vibrating plates is convoyed to tlio con 
tinuouB machine at an abnost absolutely regular speed, and on this depends the uniformity 
m the thickness of the resultant paper , the pulp regulator or feeder should hence bo oon- 
structed with great oore. If this homogeneous pulp is placed on a very fine sieve, tlio watoi 
passes through, leaving a thin layer of interlaced, adhering fibres which con bo lomovod In 



Fio 428 


the form of a wet sheet Tho preparation of the paper m the continuous maohliie takes 
place in a stmilar manner The pulp is distributed uniformly on a very fine endlesfl copper 
gauze after a good proportion of its water has been removed by draining and suction A 
cloth then pasB« the wet sheot to a pair of rolls, wbioli oompross it and give it mom cun 
sistenoy , other rolls heated to 130® gradually dry the paper, wliile others, again, press It 
and give it a little polish When it leaves tho ondlesB gauze, the paper is sufficlontly con 
Bistent to be conveyed to the superoalendar (Fig 422), where it Is prossod and poluhctl 
between several palm of rolls. Other maohmes wind it into rolls, out it, rulo it, etc 

A large modem oontmuous machine may cost several tliousonds of pounds A general 
view of such a machine is shown in Fig 423 , the two vats of pulp are seen at a, while h 
represents the circular feeder carrying buckets, c the drum sieve which ooUeots tho pulp and 
passes it as a wet sheet to the met^ gauze, d, this transferring it to the oloth at / and passing 
back round the rollers, e, underneath to take up fresh pulp , g shows tho drying rolls and h 
where the oloth returns, tho continuous length of paper being drawn olf at i to the winding 
apparatus. 

It is not possible here to consider the different kinds of papei now manufaotui'ed, nr 
the difie(rent pulps required, or the speoial modem machines devised to meet all tho require- 
ments of the trade, but a few words may be devoted to tho testing of paper, ^ the pulp 

^ Testing of Paper The presence of vn/merah loading la detected by detenninlng, in a 
platinnm oraoible, the ash of 1 to 2 grma. of the^per, out up and dried at 100° to 10fi° ; non 
loaded paper oontaina 0 4 to 2 6 per cent, of ash To detect the prosenoe of moohanic^ wood pulp, 
the paper la immersed In an aqueous solution of aniline aulpharo, which imparts a golden yellow 
colour to tile crude wood fibre , or use may be made of aqueous phlorogludnol famUy acidified 
with hydroohlono odd, this dyeing tho crude wood fibre (meohsmloal pulp) red. The 
impermeabiUiy or aoUd/Uy of ihe siting la determined by Leonardl's method { on to the paper, 
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need bouig rocogiiisable under the iiuoroaoope by the magnitude and form of the fibres 
{see IMgs 424 el seq) As will bo shown in. the chapter on Textile Fibres, the fibres of paper 
ore oorroclod and BOinewliat distorted and rosomblo the original fibres only in oertam 
uiiorautera 

The fibros of the white fir arc shown in Fig 424 at A and in transverse sootlon at B , 
they are biwii and ore oliaraotensod by the pores arranged in oonoentno ou'olos Fig 425 
hIiowh at B altered cotton fibros and at L those of linen Fig 420 gives an idea of the 
inltroHoopioal apiioniaiioo of incolionloal wood pulp of the oomfers (fir, pine, etc ) wltli 
medullary rays, wliile Fig 427 aho^ra okemloaJ pulp from the couifers , In the latter ease, 
the uonoontrio circular i)oroH are losa marked and ^e fibres more homogeneous. Fig 42R 
ahowu straw oellulose with the very thin poronohymatous cells, a, rounded at the ends, and 
the Biiperfiolal toothed ocdls of the opidonniB, o, mixed with the bidk of ordiuoiy elongated 
and atiiatcul fibres. EspurUi libne rosomblo those of straw to aomo extent but are looking 
in thin and tenuinol colls, while the tootliod edges are difiCereiit xn nature and ore found in 
HmnJlcr cells tliaii in straw , esparto contains oerbaln isolated fibres having the form of 
teeth 01 olougatod ixuirs. Spain exported more thou 1)0,000 tons of esparto in 1872 and 
about 40,000 ui 1000 Algeria now exports 80,000 tons, Tunis 30,000, Tiipoli 75,000 and 
Morocco 4000 Algeria ooutalna 5,000,000 heotares under esparto England imports about 
200,000 tons of esparto jier annum 

STATISTICS Books and revio^vB often oontom oontrodiotory and faiitostie atatistloa 
oonoeruuig the output of paper Aooording to the most trustworthy data, tho world's 
production of paper and poatoboord iii 1006 amounted to about 8,000,000 tons, and tliat 
of celliiUm in 1008 was estimated at 1,600,000 tons of the value of £16,000,000, and in 1013 
at 3,000,000 tons In 1013 tlio paper industiy of the world oonsum^ 88,000,000 tons of 


Rtrotuhod and Ino lined at 00°, a solution oontoining 1 per cent, of fomo ohlorldo, 1 par oent 
of gum arabio, and U 2 per uoiit. of phcuiol Is allowed to fall drop by drop ao os to foim a number 
uf moist strips which are then allowed to diy , similar strips, omaalng the first and peipeiidioulai 
to them, arc next made wltli a solution oontainiug 1 pei cent, of tannin and 0 2 per cent, of phonol , 
tho formation uf a black stain of tannabo of Iron at tho i>oiuL of intorBootioii indicates bad BisBlng 
abHCuuo of Htain shows perfect msing, and stains more or less grey denote more or less goodsizmg 
licftxn sizinq is roooguiHod by pouring a few drops of other on to tlie paper and nllmviug tliom 
to evaporate , the formation of tranaparont rinoB indioatoa the probable presonoo of rosin Or 
a few grins tho paper may bo boiled with absolute oloohol oontammg a few drops of pure 
oeetlo auid, the solution being i^terwards poured into distilled water j If tho latter beooinoa 
turbid, the presonoo of rosin is oertairu 

To doteob anivuU /tvnvpt a few gnna of the xiapoi ore boiiod with a very small quantity of 
distillod wator, the liqulcl being filborexi, highly oonoentrated and treated ^vltll a eolutlon of 
tannin j if sUe is iiresont, wIiltlBh grey flooka are formed, whloh, wlien observed under tho mloro- 
suoxM) in oontoob ^vith a dilute Bolutlou of iodine in potassium Iodide, aie seen to be coloured 
brown, while if storoh is present this is oolourod blue j the test for starch may bo made cllrootly 
on tlio paper itsoLf 

Tlio presonoe of tree mineral acid hi ascertained by boiling tho paper in a Uttlo dlsUllod water 
and iioUiig if tho Bolutlun turns Congo red papei blue or block 

For the micrQsroptcal Rrammaittm (see llgs 424-428), the fibres oro liberated as follows t 

3 to 5 sq cm. of the paper is boiled and vigorously shakon for two minutes with 3 to 4 per oonb. 
caustlo soda solution, the pulp thus formed keing poured on to a veiw fine motal hIovo and wasliod 
well witli tepid watoi The fibres are then tested raloroohomioaUy wifcli solutionB coubaining 
(1) 0 parts of iodine, potoaaium Iodide. 10 parts of glycerol, and 00 of watei, and (2) 100 parts of 
^no ohloride, 10 5 of potassium iodl^ 0 6 of iodine, and 75 of watei, the clear linulcT boiug, 
in this oase, decanted from the precipitate formed , linen, hemp, and cotton are ooloui'ed pale 
to dark brown by solution (1), the thin fibres romoinlng almost oolourleaa, while with solutlou (2) 
a more or loss intense wlne-rw coloration is oLbaluod. 

An oloohoJlo solution of phlorogluolnol containing hydipohlorto oold does not colour pure 
ocHulose but reddens impure aoUulose, the presenoe of wow pulp e $ impuro oellulose) in paper 
bohig heuoe deteotable in this manner Furtlier, onillno sulfate or naphtaylamlne hydroohlonde 
colours impuro oellDloee yellow, but does not alter pure oeUnlose 

TJie hvTAhng airavi of paper, oaUod also tlio deoree of elodlicii]/, la determined in the dlreottous 
of tlie length and breadth by means of suitable uynomometrlo apparatus, the elongation whloli 
oooura before rupture being expressed os a percentage of the Imgth (this varies from 1 5 to 

4 per cent for different papers) The breaJaiw length expresses the length of a uniform strip 
of paper whloh would tear under Its own weight If suspended from one end if a atrip 10 om 
wide of paper of which 1 sq metre weighs 70 gnus, breaks under a load of 3500 gnus the breaking 

ength la X 1000 = 8000 

The rensianoe to folding is determined rourfdy by anuhing and rubbing an irregular ball 
of the paper between the hands , when dlfierenl papers oie compared in this way, that with the 
least number of areases Is the best. 
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wood, valued at about £32,000,000| the oouBuiaption moreaaing by about 5 per oent. euoh 
year In some oountnoe aa much os two thirds of the wood used is converted into cellulose, 
90 per cent of the latter beuig obtained by the bisulphite process 

The following numbers represent the mean annual consumption of paper in kilos por 
inhabitant for vonous countries, these being regarded os a rougli indication of progress ^ 



Fiq 424 Fia 420 Pia 420 
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United States, 10 8 , En^and, 17 2 , Germany, 14 , Prance, 11 6 , Austrlc^ 0 5, Italy 
7 6 , Spain, 2 6 , Russia, 2 3 , Serbia, 0 0 , China, 0 6 , India., 0 13 

^ Prior to tlio War about 76,000 new books wore published per annum throughout tlio world, 
those reoulrmg 80,000 tons of moohanlool pub In addition, some 70,000 dally papers arc 
published with a total droulatlon of 11,000,000,000, these requiring 15,000 tons of raeohanlual 


Of the total output of paper, 32 per cent, is for ordinary prmting, 10 per cent, consists of 
nne paper and wntmg paper, 10 per cent, of brown paper and cardboard, 6 8 per cent of fine 
Qollnlose and rag paper for fine printing , 6 per oenti of straw paper and oaro^ 8 per cent of 
papOT for placards, eto , 8 per cent, of w^ paper, 0 6 per cent, of Rawing paper, 05 per cent 
of Buk paper, olgarette paper, and paper for making flowors i 0 4 per oenti of blottmg* and 
filter paper, eto r o 

Although the oonsumptlon ofpaper has Inareased to on extent that would have been Incredible 
a few yeM ago, yet the d^ is fw di sta nt when a Boardly of raw material wlU be experienced 
Canaim alone, with Its 322,000,000 hectares of forest land, oan supply the whole world Mr several 
1 resarvea of forest the most important are those of the United States, 

2M,0W,000 heo^ , 18^,^, Queensland, 86,000,000, Siberia, 88,000,000, 

^ Finland Sweden, and Japw (excluding Formosa and 
HokkHldo)^,000,0M each Germany, 17.000,000, Austria anFFfanoe, ld:000,000 each, 
Hungary, Croatia, and Slavonia, 9,000.000, New Zealand, 8,000,000 ; Asiatic Turkey. 7.000.000 ; 
Norway. 6 000.000. Hokkaido (Japan). 6,000,000, Italy, 4;500.0^^ In ffur^^ 
^where there are iimneiiBe tracts of bamboo, which will one day be utilised for the manuiaofcure 

aannet, however, be denied that an immense amount of wood Is used for buUding purposes, 
and ^ Italy, for instance, many of the forests have been destroy^ so that the Impoita of wood, 
om^ted to £840,000 In 1871, Increased to £2.000,006 in 1900, to 
^'SS2r^(j^ V’dlt. p m)^ ^ Austria-Hungary and America) in 
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CORK 
CORK 

TJiifl fornifl Llio piinoipal oompoiioiit of Iho bark of the oork oak {Querciia m/ber), oulti 
vatocl in Spain, Portagal, I*rauoo, Italy, Algeria, Turuaia and Morocco TJio corky bark 
may attain tli(< tliiokuoas 25 to 45 cm , but m order to prevent it from dotoiiorating and 
cracking owing to oxcoesivo ago, its oollootion is ooinraonoed aftesr tho troe la 15 to 20 yeoTH 
old i’l'om each troo about 0 kilos of oork may be obtained every 10 years Tho boat 
qiialilkfl are guidon yellow, the poorer ones groonish yellow 

Tlie density of cork vanes between 0 215 and 0 24, and moroaflea mth ago. It oonaiata 
of mihertn, wliioli is aolublc In aloohobo potoaaluin hydroxide, and of otlier fliibstonoea yield- 
ing phullonio and other ooids when hydrolysed wth aJoohoho potoab Tlie pewentn-ge 
composition of air dry cork is water, 8 , orude odluloso, 22 to 23 , fate and rosius, 4 0 , 
vanouB non nltrogcnniis Bubatonoes, 58 , lutrogenous materials, 6 , ash, 1 3 

8 to 12 kilos of cork 1 kilo of corL stoppers is obtained the waste being ntlbaod, 
either by agglomerating with pitch or ohalk to m^o insulating matonal for the refrigerating 
industry, or for makiug hnoleum {see p 406), or for pooking fruit, etc 





PAET III. CyCLIC COMPOUNDS 


Thh ahphatic senes contains vonous groups of dosed-chaiu comj^oundB 
[e g , lactones, uric acid derivatives, anhydiidea of dibasic acids), winch are 
readily opened by simple reactions giving ordinary open-chain oompounclH of 
the fatty senes 

NimierouB subatanoes are, however, known containing a cloBod-cliaiii 
nucleus which is composed of 3 , 4 , 6, or more commonly 6, caibon atoms imitod 
m a special manner and is resistant to the most energetic reagents These 
compoundfl form the important group of isocyclio compounds 

Other groups of oyclio substances are afao known with nuclei composed, 
not of carbon atoms alone, but of several elements, eg , pyridine, C^IgN, in 
which the nucleus contains 6 carbon atoms and 1 nitrogen atom , pyi’role, 
C4HflN, with C4 and N m the nucleus , furan, C^H^, with a C4O nucleus , 
thicmhen, O4H4S, with a O4S nucleus , pyrazole, OgH4N2, with the mioleuB 
Osl^a, etc These compounds are called hkerooydio 

There ore also many substances derived from more complex nuclei formed 
by the condensation of two or more of the nuclei mentioned above, e g , naph- 
thalene, OjoEg, m which are condensed two benzene nuclei hold togetlier by 
2 carbon atoms common to the two nuclei, and qumohuo, with a nucloua 
analogous to that of naphthalene but composed of one benzene and one pyridine 
nucleus 

AA, ISOOYCLIO COMPOUNDS 

These contain 1 or several homogeneous carbon atom rmga, and can bo sub- 
divided, according to the type of linking, mto ( 1 ) Polymethylene Compounds, 
which contam singly linked carbon atoms and are loss resistant to ohenuoal 
reagents than ( 2 ) Benzene Derivatives, where the carbon atoms arc Imked very 
differently {see later) Compounds of the first group approach those of the 
aliphatic group m their chemical properties and aie hence intermediate to 
methane and benzene derivatives 


I CYCLOPARAFFINS AND CYCLO-OLEFINES 
POLYMETHYLENE COMPOUNDS 


OR 


yCH, 

TRIMETHYLENE (Cyclopropane], | , is obtained by the action of sodium 

\CH, 

on ay dibroinopropane, OK^Br 0H| CHgBr, the bromine being eliminated os NaBr and 
the chain closed It is a gas which hquefles at a preasura of 0 to 0 atmoa and combines 
very slowly with bromine or hydriodio acid giving open chain compounds, so that It is 
easily distinguished from propylene OH| OH OHg Ha heat of combustion la much 
greater than that of propylene, into which it is partially converted at iOO^ 

Its derlvativea ere obtained from ethylene bromide by means of the ethyl molonato 
syntheeis (asc p 860) 

OH,v 

TiimethylenedicarboKylic Acid, | yO<^ i was obtained by Perkin by the Intei> 

oh/ 

action of ethylene bromide and ethyl aodiomalonate, 

616 
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TETRAMETHYLENE w not known in the free state, but clonvaiives of it 

are obtainable by syntliesee aJinilar to those used for Irimethylcno oonipoiuids. 


CHa 

PENTAMETITSfLENE (Cyolo2>«i^fl>w), | la a liquid boiling at . dfl 

CHu CHg/ 


clenvativos ore prepared liy tlio ethyl nioloiiato syiitheirifl 

Aodording to Baeyor's tension hypotliosis (see p 107 and Fig 252, p 300), ifc la easy to 
luidorstand why pontamotliylcno la the most stable of the preceding oonipouuds, a ring of 
flve carliou atoms being the only one wluoh eon bo formed without tenaiun of the luiknigH 
Indoed, wlulo tH mo thy lone conibinw with Br or HI witli nipturo of tlio img, pt'utiv 
inotliyltuio does not unite witli brojuino and rcalata the aotion of nitiio or siilphuHii itcid 
like a saturated liydrooaiboii, tlio properties of saiurated open and okued ohalii ooinjMiundH 
hwioo diflFonng hut little 

KETOPENTAMETHYLENE (CyolppeidanoJw), CgHflO, la obtained by tlio dry dlstdla 
tiuii of ualoiuiu adipate 


CHj CHg 

I 

OH, OH, 



Ca = CaCO, + 


OH, 

I 

OH, 



0 , 


by reduction and Bubaoqiiont treatment with HI it gives peiUameUvylenA, whilst oxidising 
QgtMits onuvort It into glutarlo aold, these reaotiona piovlng its oonatitution Ketohexa- 
methylene is obtained ainiilarly by diatilhng Calcium Plmelate, O^HiqOjCIo, and liighor 
homologuos by distilling the oon'esponding oaloiiim solU of liiglier dibasio ooids , Calcium 
Suberate, OH^iaO^Ca, for example, yields Ketoheptajnethylene (svbeitone) The jdeld 
dhninishes with inoroase of the niunber of oorbon atoms. 

CH CHy 

CYCLOPENTADIENE, | \cHj, la a liquid boiling at 41°, and is found In Lliu 
CH Ch/ 

first distillate of crude beuEono and also m Illuminating gas , it ipoiti bines witli iodine and 
ffitli hydrogen sulphide. The proaonoe of two double linkings in the nuoloiis is deduced 
From the fixation of four atoms of halogeii. Tho two hydrogen atonia of tiio CH^ I’cadllv 
•oaot, e Q , with acetone, giving intonsely red hydrocarbons 


CH.OHv OHflv OH OHs. /OHg 

I >CHb + ^0 = HaO + I ^ 

CH Ch/ OE/ oh 0H>^ XJHa 

his oompouiicl is known os Dlmethylfulvene, fiilvouo being an isomorldo of heiwone of tho 


OH OHv 

truoture | CH, 

OH CH/ 


HE3CAMETHYLENE (OyoloAcawne, Tiaphihetie, liemhydrdbenzene), CflH,K, is a oolourloHs 
quid, b pt sr, m pt + 6°, and is obtained amiilarly to pontamothylono and also by 
ydrogenafeing benzene in presenoo of niokel (aocordhig to Sabatier and Soiidorons , ttec 
35), platumm, or poUadium It ooours m Hussiau and Galioian petrolouni 
Numerous leas hydrogenated donvatlvea, and also somo with ketonio groups, a^(^ 
nown. Oyoldhexanone, on oil with the smell of mini, boils at 155°, is found in wood oil, 
nd is oonverted ooiuplotely into adiplo ooid on oxidation. Some of its derivatives occur 
L the decomposition produote of oooame and atropine. 

CYCLOHEPTANE (Hapiamethylenet auherane), (CH.),, is a oolourloss liquid, b pt. 117°, 
nd is obtained by reducing suberone (see bdoto) , bromino and alununium bromide con 
tiot tho ring, p^abromolduBne being formed. 

SUBERONE (£etoh^aineiJiylene)f (CH,)^ CO, Is formed by the kotonie Intianio 
oular transformation of tho oololum sidt of suberlo amd. It Is a liquid, b pt 170°, and 
1 oxidation gives pimelio aoid and on reduction suberone (see above) 

< H CH CH 

II , is a Uquld, b -pt. 110°, witli the odour 
H CH CH 

leeks, and ooours among the prodnots of the decomposition of oooaine and atropine It 
VoL n 40 
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iB obtained from auberone by complex reoctiona, and roacnibloa olefines and not aromatic 
ooinpounda , tliufi it unites energetically with hydrobromio ooid 

CYCLO-OCTANE, (CHa)^, is a liquid, b pt 147°, and wna obtoiiiod by doooinpoaing un 
alkaloid, N methylgranatomne, derived from the bark of the poinogranate trci^ and having 
tlie oonatitutioii 



OH OHgv 

I \ 

N CHj >CO 

1 / 
CH CH./ 


CYCLO-OCTATETRENE, CgHg, is a yellow liquid which behaves like the oyclo ololinea 
and not as an oromatie compound, although its constitution is analogoUH to that of bonrx'iie, 
OH OH CH CH 

II II With hydrogen in proseiioo of spongy platiniini it yields piiic cyelo 

OH CH OH CH. 

octane Such oompouudfl are not m harmony with Baoyor’s tension theory of valency 


11 BENZENE DERIVATIVES OR AROMATIC COMPOUNDS 

It was observed by several chemists about the middle of last century tliat 
a whole senes of compounds, mostly aromatao m nature, besides exhibilmg 
oortaia common physical and chemical oharaotors, showed on analysis pro- 
portions of hydrogen very low m comparison with those of carbon and also 
very low* oompaied with those of l^drogen m saturated oi unsatiirated com- 
pounds of the methane senes, eg y 2> 

In ganoral the hydrocarbons of thoee subatauoos correspond witli the fiuulamoiitnl 
formula, and the various transformations of the tuomatio BubBtauooa often yield 

Benzene, OeHo, &om which they con again bo prepared If the constitutional fonnula of 
benzene ware an open-chain one, it would bo necessary to assume the presence of double 
or triple bnkiugs between carbon and carbon whioh would load to I'oady addition of bromine 
and to ready oxidation. These reaetions do not, however, ooour, and the great stability 
of the oompoundfi of this group, and of benzene In particular, can bo expluinod only by 
the existence of a stable nuolons of carbon atoms, probably joined m the foini of a closed 
nng 

It was found labor that beuzono forms only one monoBulmtltutod product (nitroben^ono, 
bromobenzone, etc ), and that all the hydrogen atoms of bonzoue exist undei similar condi- 
tions , three Isomeilo disubstltuted produots (e g , clinibro or dibromo-bonzonu) are, 
howovor, known. 

With the empirical formula GsHg correspond the throe rational foimnlic i (a) 04 (OH 3 )q, 
(jS) and (y) (CIH)g Pormoke (a) and (^) would give only two isoinonu dlsiihsti 

tated products, whUat in the case of (y), if the OH groups wiwe johicd in the form nut 
of BJi open chain but of a closed ring, the six hydrogen atoms would be uiuler the same 
oonditionB, and the formation of a single monosubatitutod product and of iliroo Isomirio 
disubstltuted produots would bo explamed. 

It was KQkul6 who, In 1865, advanced the ingenious hypothoslB that tlio funda- 
mental compound of aromatic substanoes is benzene, tlio constitutional formula of which 
must be represented os a dosed, hexagonal ohoin of carbon atoms united alternately by 
single and double linldng^s, the fourth valency of each carbon atom being united to a 
hydrogen atom. Such on arrangement is figui^ m the solieme 


H 

0 



G 

H 


Fie 420 
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STKUCTURE OF BENZENE 

or, if tlio SIX caibon fttonis are represented by tetraiiodm, in the diagram sliowa m Fig 430 
Tlie caibou atoms ooiiibiiiod with the siibstitueiits In tbo three diRubstitutcrl derivatives 
would thou bo (a) 1 and 2 [ortho donvatlvoa), (b) 1 oud 3 denvativoa), and (r) 1 and 
4 [para derivatives) , the 1 C- and 1 0 ooiupouuds would bo identical wTtli the 1 3 
and 1 2- oomponnda respectively For the soke of 
Hhortneaa, tlie tonna oiilio , lueta , and para ore oon- 
tioetod to 0 , ni and p-, those being prefixed to tlie 
nainca of the compounds 


J 


The constitutional formula given for ben- 
zene by Kokuld and also those of Claus (1867), 

Bueyer (1808), Komer (1869), and Ladenbuxg 
(1870) would seem to indicate tlie possible 
existence of 2 ortbo-substituted denvatives, 
smee the 1 and 2 carbon atoms are jomed by 
a double linking and nuinbors 1 and 6 by a 
single Imkmg Hence Claus and Komer pro- 
posed the hexagonal formula with the fourth 
valencies of the carbon atoms joined diagon- 
ally (para-lmking) (Fig 431, A), while Laden- 
burg preferred the prismatic formula (Fig 431, 

and Bg), and Armstrong and Baeyer the centric formula, with the 
fourth valencies in a latent (or potential) state and directed towards the centre 
(Fig 431, G ) , see also Fig 432 

111 order to obtain a better mterpretatioii of the formation of the diBubsUtutLd Jao 
meridos of benzene, Kekul6 (1872) developed his theory further on tho assumption tluit 




Fio 4S1 

tlie linkings between the oorbon atoms are to bo regarded os vibrations, so that carbon 
atoms 2 and 0 of tho Kekul6 formula are m identical oondltiona TIi^ oscillations would 
oxplaui why bonzono does not umte readily with halogens or ozono {see p 107), or glvo 
Boeyor’s permanganate reaction [see p 107), thus behaviug almost Ilka a satumlod ooni 
pound. Even Kekul6*a osodUUory formvia does not, however, explam oomplotely the optlool 
and thermal behavloiir of the aromatio eompounds or the interesting results of Baoyor*fl 
woik on tho hydrogenated derivatives of benzene subse- 
quontly to 1880 Indeed, when two or four hydrogen atoms 
are added to benzene so as to form dlhydro- or tetrohydro- 
bonzeno, tho latter are foimd to be quite different from tmo 
aromatio eompounds and to resemble olefine eompounds , it 
must, then, be assumed that where the hydrogen has not 
been added, true double hnlcing a are formed oapable of 
oorabimng with hologens or ozone and of giving Boeyer’s 
pormongonato reaotioni Boeyor’a oentrle formula would 
hamioniBO with this behaviour, ainoo each of the valeneiea 
directed towards the oontre is kept in equilibrium with all 
tho others, stability being thus oonferred on the moleoule , If, then, two or four of 
tbo oontral valenoies ore used in the addition of hydrogen or other groups, ike remalmiig 
eentral valenoies becomes true, olefinio, double linkings 

There are, however, aromatic eompounds, espeoiaJly those with several oondensed 
benzene nuold, with whioh Boeyer’s oontrio formula alone oonnot be assumed In. 1899 
Thiele attempt to harmonise all the ohemlool and physical phenomena ohaorved with 
benzene and its derivatives on the ossumptiQn that when two oorbon atoms are united 

40—2 
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by a double linlnng the two affinities ore not oomplotoly uIjIibocI, ports of the uimotiHflotl 
valflUGies {partial vakfUMs) remaming Tlioao ore regarded aa bringing about addition 
prooeeses, and are represented by dotted Imoa, e.g , C = C, G = G — C == C, oto , but 

when, as in tlio latter fonnula, a conjugated system of double bonds la present, the addition 
of liydrogon, Imlogena, oto , ooours only at the two oxtroino carbon atoina, the partial 
valenoica of the two middle atoms forming a new inactive (lauhle hmul, G ~ ^ » 

after the addition at the extreme carbon atoma, the oontrol luaetivo bond hecomes active 

agavOr tho oonatitution then being, ^ H Kokul6’H boiizouo formula, wo 

may aaaumo the omatonoo of three oonjugated double bonds with throe inaotivo bonds, 
H 

HO OH . , , , 

tiniB, II I) , it would thou bo oloor why bouzono, lioing without imrtial vaJi'iiuiPs, 

’ HO CH 

'.\c/ 

H 

would not readily fonn additive produots, and why, when oven a single inaotivo doiihlo 
bond ifl broken down, true active olofiulo double Imkiugs would appear (/lee Theory of Double 
Lmkiug, Note on p 107) 

A plausible explanation of tho constitution of benzene is also arrivod at by moans of 
the ideas of inoto^mistryt oooordmg to whioh double or single liiikinga oro reproHouted 
by double or single vibrations or blows per umt of time (E Mollnari, Omzelltt Chwiim 
Itdliana, 180S, VoL II , p 47, and Journal f Ur praktiaclie Oheinie, 1808, p 113) 


ISOMERISM IN BENZENE DERIVATIVES 


It has been floen alxeady that when one of the hydrogen atoms of bonvene 
IS replaced by a halogen or an organio residue, the same monosubstitulGd 
compound is always obtamed, no matter at what pomt of tho molecule t]io 
substitution ocouiB If two substituent groups, oitlior sumlar or difloiont, 
are mtroduced, three disubstituted denvativea are obtainable If the benzene 
molecule is represented simply by a hexagon, each angle of which mdicatos 
a carbon atom united with a hydrogen atom, replacement of tho lattor by 
another atom or group (a?, y, z, etc ) may bo shown by plaomg the symbol of 
the substituent at the an^e of the hexagon With diauDstitutcd oompoimds, 
if one group is assumed to occupy the position 1, the other may go to either 2 or 
6 (cwiZio-poBition), 3 or 6 {meta\ or 4 {^a) 


a a 9 



Bonzono Uoncxnibstitntad Ortho-oomponodB 
benxQDO 1 £■ and 1 0- 

(Identloal) 


a X a 



Hota-doTlvfttl\ 08 Fam-ilorlvntlvo 
1 a luid 1 0- 
(Idontlool) 


With, the tofluhetituted denvativea, three laomendea are poasiblo when t]io 
three Bubstituents are similar (1 2 3- oi moiml, identical vnth 1 6 5- , 
the aymmetneal, 1 3 6-, identical with 2 4 6-, and finally, the unsym- 
metncal, 1 2 identic^ vnth 1 4 6-) . 
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CHARACTEHS of benzene derivatives 621 


Whon ono of the tlirco aiibstituentR is different fiom the reiuammg t-wo, six 
isomondoB are poasiblo 






VJoJimI 


X (0 X an 


H' 

y\ 
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n 

A 

1 1 
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\y 
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— V 

Uiiayimuotrlcal 


S) inmotrlutil 


With four Bunilar substituent groups, it will leadily be seen that tliiuo 
iHomeiidoa aio poBBiblo 

The number of iHomondes may be further luoreoBed in oaaos where one or 
moio of the aubstituents fomi lateial cliomB capable of isoincriam, e g , aaturated 
hydrocarbon or unsaturated alcohol or acid groups , in these compoiindH, 
further replacement of liydrogen may occur either m the benzcuo uiioleus oi 
m the Hido-oliam, fiesh caHos of isomoiism being tlins posHible 

It was Kornoi (1800-1874) who first showed how it is poasiblo to detei- 
nuue experimentally the fohiiiona of the vaiuous substituent gioiips in the 
benzene nucleus , examples will be given later 


GENERAL CHARACTERS OF BENZENE DERIVATIVES 

While the saturated hydrocarbona of the aliphatic senes offer considoiablo 
resiatanco to oxidiBing agents and to concentrated auljihuno or nitric acid, 
those of the aromatic aeries readily give nitro-denvativcs with nitric acid, 
and Hiilpliomc derivatives, having an acid character, witli aulpluiric acid 
CflHfl + HNO3 = HgO + CflHj; NOa {mhohmzene ) , CflHo + ITaS04 = 
H2O + CflHfi SO3H {myvzeiimilfhonxc acid) In the latter, the sulphur is 
umted directly to a carbon atom of the benzene nucleus, this being confiimed 
by the fact that benzonesulphomc acid la also obtained by the action of oxidis- 
ing agents on thiophenol, SH, m wluoh the sulphur is known to be 

jomed to carbon 

Oxidation of aromatic hydrocarbons contammg side-chanis leads to the 
replacement of the latter by oarhovyl groups, COgH, the benzene nucleus 
remammg unolianged , m this way tho vanous aromatic acids are obtamed 

< >0H3 -h 30 = HjO -h <( ^COaH . 

Toluouo JkiiLxoIu fi< Id 

CHaOHa CJOall 

<( “ ) + 90 = 3IIaO H- -I- COa 

CHa OOgH 

Ifltliyltoluono InophthiilJn tuilil 

The halogen substitution derivatives, which aie readily obtamed by tlio 
direct action of the halogens, have less reactive properties thou tho halogen 
compounds of the aliphatic senes and are more resistant to subatitutioTi 

The hydroxyl-derivatives [e g , phenol, OH) ai e more decidedly acid 

in character than the alcohols of the fatty senes, tho ph&nyl group, OoHjj, for 
sxample, being more negative than the ethyl group , their resistance to oxidis- 
ing agents is similar to inat of the tertiary dcohola, to which they are analogous 
in constitution, the group >G OH being present in both oases. 

The amino-denvatives, which are readny obtainable by reducing the nitro- 
ienvatives (C^Hg NOg + 6H = 2H2O + OgHg NHg, amlme) with mter- 
nediate formation of azo-compounds (y v )» eetaily conveiiied by the action • 
if nitrous acid mto diazo-compounds , the latter are formed only seldom and 
vith difficulty in the case of aliphatic compounds 

In fheir last investigations K5mer and Gontardi (1908) show how, with the 
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Biibstitation products of benzene, the formation of one isomerido latlier tlian 
another sometimes defends on mmimal difieioncos m the plijrBical conditioiiR 
under which the leactions take place Thus, m the lutration of onilmo or of 
halogenated denvativea, a very slight ddference in the conccntiatioii (oven in 
the second deounal place of the specific gravity) is sufficient to alter tlie yield 
very considerably or even to give entirely different products 

FORMATION OF BENZENE AND ITS DERIVATIVES 

When vapours of aliphatic compounds are passed thiough rod-hot tubes, 
the products formed contain aromatic compounds At a red heat acetylene 
gives benzene (the reverse reaction is also possible) SOjjHij = CaTIq 

Another source of aromatic pioducts is the distillation of lignite tai oi 
petroleum residues {sec Cracking Process, p 87 ) 

When allyleno, CgH^, is distilled with dilute Bulpluino acid, uieHitylene, 
CqH3(CH3)3 (1 3 C), IS obtamed, while under similar conditions crotonylene, 
C4II1,, forms hexamethylbenzene, Co(CH3)fl 

In presence of concentrated sulphuric acid, soveial aliphatic Icotoncs 
undergo condensation to aromatic hydrocarbons , thus, acetone fonns 1 3 fi- 
trimethylbenzene, 3C3II3O = 3 HaO + 0gH3(CH3)3 

Acetoaoetaldehyde, OHp CO OHg CHO, when liberated from its sodium 
derivative, is transformed immediately mto triaoetylbenzeno, CflH3(C0CH3)3 
Various aromatic compounds may also bo obtamed by tlio action of sodium 
on ethyl bromoaoetoaoetate or ethyl sucomate, by hoatmg etliyl sodionnilonaie 
and by oertam other syntheses 

From the tar obtamed by distilling coal, wood, ni lignite, nuuiy aromatic 
compounds can bo separated 6 to 10 per cent of naphthalene, 1 to 1 R p(‘r 
cent of benzene and toluene, besides qumolme, anthracene, ot( 

Benzoic and sahoylic acids, bitter almond oil, etc , occur natuially m the 
vegetable kingdom 

A AROMATIC HYDROCARBONS 

Those with saturated sido-ohams ore colourless, refractive liquids of charac- 
teristic odour, msoluble m water, but extremely soluble m ether or absolute 
alcohol , they ore lighter than water (0 830 to 0 806 ) 

O&neral Methods of PT&paraii<m ( 1 ) Alkyl chlorides and aromatic hydio- 
oarbons m proaenoo of alummium oldoride give mono- and iioly-substitutcd 
hydrocarbons, which con be separated by fractional distillation Oflllg + CVIgCl 
= HCl + CflHg CHp (Fnedol and Craft’s synthesis) , mtcrmcdiate aluminium 
compounds are first formed Feme chloride, zmo ohloiido, or zmci turnings act 
in the same way as aluminium chloride The latter salt also brings about the 
decomposition of the higher hydrocarbons mto moio simplo ones 

( 2 ) In presence of sodium, monobromo-subatitntion derivatives of aromalio 
hydrocarbons and alkyl bromide or iodide give higher aromatic hydrocarbons 
(Bhttig’s synthesis, analogous to that of Wurtz for the aliphatic seriofl) 

CflHgBr + CgH^I + Nag = NaBr + Nal + OgHg * 

( 3 ) Distillation of calcium salts with soda lime (analogous to tlie synthesis 
of aiiphatic hydrocarbons) 

(CflH3C03)oCa + Ca(OH)3 = 2CaC08 + 2C0H3 

Caldnm bonxom 

( 4 ) Aromatic sulphonio derivatives give the hydrocarbons when heated with 
sulphuric or hydrochloric acid, best in presence of steam CgHg SOjiH + 
H2O = HgSO^ + CgHg On this reaction is based the method used for 
separating aromatic hydrocarbons from those of the ahphatio senes, the 
former with concentrated sulphuric acid givmg soluble and the latter 
(paraffins) insoluble sulphomo acids 


<1 
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COAL TAR 

(5) When an aromatio hydrocarbon la dissolved in an alcohol in picacnce 
of zmo cldoiido at about 300°, water separates and a higher hydrocaibon is 
formed Oflile + C^HnOll = HaO + CqH, 

COAL TAR 

Tho oheapost and most abundant liydrooarbonB iwod na raw niatorial for tho propnni 
tion of largo nuiubora of important aromatio ooinpoiindfl (from artifiolal poi’fumoB to amhiio 
dyes) arc obtained by tho distiJlation of tor While at ono time this product ooiistitutod 
an uiiploaaant and inoouvonlont rosiduo of tho lUumlnating gas industry (aee pp 40 ei aeq ), 
It 18 now so niuoli in demand by largo manufootnrors of ohonuoal produots that it is Bonio 
tiima very Hooroe, and attoution has boon tiinio<l to tho utlbsation of the tar produood m 
inutuJlurgiQal coke faotniioa, tins liaving boon foimorly discarded ^ 

Wcatpliolion coal gives, on on average 2 6 per oont. of tar, tliat of Saar as niuob os 
4 pur cent , and tliat of Sdosia even moro than 4 por ount. 

COMMONHST AbOMATIO HyDBOGAHUONB WITH A SlNaLTO BBllZlflNH NuOLnUS 
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188“ 

130“ 

176“ 

100 0° 
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160“ 

163“ 

204“ 

105“ 

102 “ 

176“ 

176" 

180“ 

176" 

171" 

lor 

281" 

M2" 

104" 

205" 

100“ (10 mm) 
208" 

277" 

208" 

280“ (10 mm.) 
240“ (16 mm ) 

268“ (16 mm) 


0-800 (10“) 

0-803 (0“) 

0-881 (0°) 

0 880 (0°) 
0 888 (0°) 

0 806 (0“) 

0 806 (14“) 
0 807 (14“) 

0-800 (10 ) 


0 602 (20“} 


0 860 
0 804 
0-867 
0-871 
0-871 
0-847 
0-800 
0-B86 


’SO") 

10" 

10 °) 

104°) 

22 "! 

18“ 


0 852 (14“) 
0 ROO (20") 
0 830 1130°) 
0-857 (fin 


0-845 (40°) 


^ Tlio first attempt to atiilse tar dates book to 1834, when. In a works ab Manahoator, lb 
wns distiiled out of oonbaot with air in primitive rotorta, tho Hquld produots being oollootod 
and tho residaal pitoh employed for mAing blaok vaxnish Bethel! subsequently patented 
a proooea for obtoinmc from tar oroosote oil for tho Impreficnatlon and. preservation of wood 
Still lator tho moro volatile produots of tho disbillation of tar wore ns^ both os ou Ulumlnant 
and 08 a f^ifln.r>bng homd. NltrobonMne was tlion pTepared from it to replooe ossenoo of mlrbane, 
but it became posf^le to develop an industry for the regular uUlisatioii of tar only after the 
wonderful disoovery by Perkin (i860), who prepared synthotioally tho first artiflofol oool tar 
dye, thus laying the foundation of one of tho most Important industidea for whioh tho nineteenth 
century is f^ous 

Numerous industries then arose for the more complete and more rational utUisatlon of tar— 
for employing to the best advantage the various produots of its fraoUonol distillation. Sinoe 
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After separation from the aminoniaoal liquors of gas mamifaotiiro (by ooiitnfugatjoii), 
tor forms a dense, somewhat vibooub, blaokisli (sinoe it oontabia 10 to 30 por oont. of BimiKMulcd 
oarbon pajtiolofl) liquid of sp gr 1 1 to 1 3 It contaiuB many vaned aoid, basio, and 
indifferent products , the first can bo extracted by agitating wltli oquooufl allcali Holutiou, 
the second with ooidfl, while the neutral oompounds, oonBisting principally of aromatic 
hydrocarbons, form the roaiduo The oompoaition of tar vanes, however, with tho nature 
of the coal, the type of furnace, and tlio temperature of distillation 

It seems that tar contains at least 300 different subetaiioes, of winch IfiO have Ikwii 
established either directly or mdireotly and 00 liavo been isoktwl with coiLaintv and 
studied, although only four have wide application in tlie pure state borweno, iilionol, 
toluene, and naphthalene 

Only to a small extent is tar used os it is foi vanilshes, coal bnqucttcs, bltnmonlHctl 
paper, lampblackf^ treating roads to rondor thorn loss dusty, oto , but for mich pniqioHoH tho 
residue from the distillation of tor con also be used 

A bttle tar is used in preparing tho basio hmng of Bcssomor oonvoid«crs foi the in ami 
faotiiro of steel 

OTHER TARJ These include (1) Lignite tar, which consists mainly of ])arafiinoirl 
hydrocarbons, berth saturated and unsatuinted, but contains also phenol, on^l, various 
bases, sulphur oompoimds, bonzeuo and its homologuea, naphthalene, ^aphtl^elK^H, paiaflln 
wax, etc It IS dense and yellowish brown or blaok with a greenish HuoroHuenco, its sp gr 
being 0 82 to 0 96 at 46® and its itL pt, 26° to 36° When distilled it yields various light 
and heavy oils, oreosoto oil and hard and soft paraffin waxes (ssc pp t)5 el fteq ) (2) Wood 

tar or Vegetable tar {aee pp, 128, 333, 336) has the sp gr 1 06 at 16° and is of leas value tliau 
oool tar , its most important constituents ore those solul^le in alkali, those uousisting of 
methyl others of polyhydno phenols (pyrooateohol, pyrogoUol and homologuw, foniiiiig 


that tune a oontlnuouB Berios of roeohonloal improvoinonta lii tlio plant and oliomlcul ouoa In 
the prooeasefi have been mtrodiiood, Improvoraonta In tlio coko furnacoH to athniL of llio 
oollootion of tho irhole of the products of distillation and of the rational recovery of tho heat liavo 
been dealt with lu VoL L (p 461) 

^ Lampblack is prepared by the inoomploto combustion of tar, colophony, vegetable ells, 
the pitch or heavy oiJb from tar, etc, Tho liquid or fused subBtanco of tlio recofvorH, «, is jmsHtsI 
tlirough pipes to the long pans, A (Big 438), In which It is hoatod wliilo a oarofnlly ngnlatwl 
minimal air current is passed over the surface of the liquid so os to bnni tho vapours itutninpluloly 
and serparate tho greater port of the carbon in a free and finely dlvldod state T'hiu Is carried 
away by the air Into the first arched chamber, where it is partly deposited, thou into the 
second arched chamber, c, and finally into D (before tho ohlranoy, 0), In wliloli tiiu lluul traces 
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of lampblack are deposited on a thin cloth in front of the moutli of the shaft Tills operation 
is oontmued for five days, the sixth day (Sunday) being occupied hi cooling down and the sovcutli 
in restartmg A vorv fine lampblack is obtalnoa by bumbig paraffin oil In a kind of lamp witli 
a wide thin Jet and allowing the flame to imping on an iron ayundor Inside wliloh water circulates , 
tho cylinder thus cools the flame and the lom^lack deposited on it la removed from time to time 
by an automatlo scraper With more or loss intense cooling the lampblack has a lower or higher 

S o gravity 100 kilos of tar yield 26 Idlos of lampblaok, whllo 100 kilos of resin residue 
iO kilos. Lampblack contains, In addition to free carbon, tarry Impurilies and oily 
itlon products Attempts have been made, apparently without aucoess, to preiioro 
lampblaok by exploding acetylene with a measured proportion of air in closed vessols. The 
Ilrank process seems to bo more advantageous, In this, acetylene is burned with a certain 
proportion of carbon monoxide or dioxide 0,H| + CO H|0 + 30 

Before the War Swedish lampblaok coat 10a to 20a per quintal, that from reslnouB wood 
40a to 62a , and that from lamps £8 to £20 It is used for making block vornlaliea, printers' 
ink, boot polish, etc Boot jcUm is made by mixing lampblack with wax, molasses, turpentine, 
and sometimes also sulphuric acid or a UtUe chestnut extract to preserve the sJdn or 

leather 
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oroBoato oil), whioh nro iiaoil for making gtioioooL Wood Utr ib dJstillod in a voonuiii, tlio 
goaoB wliloli do not ciondciiflo being utiliawl for ^wwor or boating pnrpoBOfl, oa they have a 
oalorlflu voiuo of GOOD to 0000 oala por uubio niotro. (3) Peat tar givcH» when diatillod, tbo 
following pruduotfl (perooiitagos) aquoona liquid, about GO , this uoiitaluR 1 G |>ur oont. of 
aootio aoid ami about 2 jjer opiit of arm noma , coke, S3 , goa, 8 to 10 (28 to 38 i>or oont 
Ha, 20 to 25 CO, 0 to 10 COj, 32 to 38 CHj, 8 to 12 of heavy hydrooarboiia) , tar, 8 


DISTILLATION OF TAR 

Nowadays tar is mostly aubjooLccl to distillation for tho oscti’aotion of tlio following 
pioduots (1) Ind^ffcretU iftibfttnrtjces, in wluoJi boiizono hycimoarbons pi’odoininato (l>en/oiio, 
toluene, xylene, tri- and tetra muLliylbeuyeno, and, to a Htill groatur extoiit, implithaloiiL, 
antbiaoono, nte ), tlioso of the motliaiie sonoa being small ui amount (tliese occur abun< 
dantly ni tho distillation prodiiuts of lignite or pent tai and of Intuininoiia slialo, /rco 
pp OG 100) Small quantities of nitrogen oompoaiuls oamir, huoIi as acobomtnlo, bonzn 
nitrile, earbazole, and pyrrole derivatives, and also traoos of carbon disnlplndo, tliiupliono, 
ciinmrono, uto , (2) Acul among wliloh phenol (oarholio aoid), oroHol, xylunob 

and tho naplitliols abound (8) Btuio aiibitlanres, whioh are foiuul in small amount and 
eontain small proportions of pyndino and quinolino compounds and a iaaco of anibiio 

In ordoi to pieveiit bumping and frothing over diinug distillation, tor must bo oom 
lilotely freed from water, wJnoli it holds 
toiiaoionsly lu gas works the web tai passes 
ooiitmuously into a Binail tank C (Fig 434) 
wboro tlie animoniaoal liquor ovorhows into 
A, while the tar is syphoned into B Gypsum 
01 ooment la also used for removing the 
water ^ 

Treatment of tho wot tor with water 
remnvos a largo proiiortion of tlie ammonia 
cal liquor, this being ospooially advantageous 
whon tho tar is subjected to oontinuous dis 
tiUatlon owing to the removal of ammoniiun 
oompounda liable to obstruot tho oooluig 
ooilfl and to prevontioii of oon*oslon by the 
hydrogen ohlondo produced by diasooiatioii 
of the ammonium ohlondo Application of 
boat flrst to tho upper part of tho boiler, 
and only lator to tho lower, is suggostod for 
lirovoutmg aqueous tar from frothing over 
Tho ammonia water may also bo largely 
roinovod by oontnfugiiig tho tar In largo 
distllJonoa tho dohydratiou and distillation of the tar arc oomod out sinuilt^vnnoimly 

Tho old typo of boilor is bIiowu In Fig 435, but proforenoo is now given to hoilzoiitai 
sLllJs, wliioh oro sometimes multitubiilor, like loooniotlve boilors, m onLor to obtain more 
hnmogoueouB and more rapid boating ^ It will be soon m tho Rguro tliat dirout-(1ro heat is 
usod (at b ) , tho mass is mixed at Intorvals by mooua of a sbln'or or of a steam jet Introduuod 




^ hlHtJmatlou of water lu biu is not easy, bIuqo when tho tar is hoalod hi a dlnli it rood fly 
froths and ovorhows. Beok and Rlspler (IflOl) and 1904) allow 200 giina of tlio tar to fall drop 
by drop from a soporating fimiiel on to about 500 anna nf water froe heavy tai oil uontnlnod 
in a flask of about 2 llbroB , eaoh drop of tar, os It lalls, is luatantly ovapoiatod, oiul the Avivtor 
disttlUug over la oondonseiL In tho rofrirorator oounooLod with tlie flask and cullodbod, togotlior 
with A littlo tor oil, in a graduatod oylinilor, tho tompoiature Is Anally misod to 300° Tho 
cylinder is kept at u modomto tomporabiiro, so that tho water separatou from tho nil , Itu voliuno 
LH thon road^ If muoli naphthalone also distils over, it is dilllnult to read tho voliuno of tlie watoi , 
ill this oaso, tho whole of the distillate is poured on to a small Rlbor-pi^L stooped In bonaoiie, ho that 
only the tar oil Alters Tho Altar papor is Bubsoquoiitly ploroed ana tlio water allowed to pass ui to 
a graduated oyllndor Ott, on the otnoi hand, heats 400 gnns of tor hi a ooiiper rotor b, the heating 
boiug oatried out from the top by means of au annuloi gas pipe ivlth orlAoes in its lower side. 

* The rapid wear of the iron vessels and aoUs Is dao especially to HCl, NHo, H|8, HON, eto , 
formed by the dissociation at high temperaturea of ohlorldea (o a , ammonium oluorkLo, dlssoolatlng 
It 860°), sulphides, oyanidoa, eta, and perhaps also by oerwn eleutiolytio processes Tlie base 
3 f the still is often IS to 20 mm hi thioknesa Cast-iron oolls lost bebto than those of wrought- 
iron, and ore composed of superposed straight tubos oonneoted at alternate onds by aemlolroiilar 
pipes of coat Iron 
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at X aud aubdividod on the arohed baao of the still by a number of pipes, z. Tlie tar on tors 
at r, and at the end of the operation tho pitch is dlwharged through a muoii widor oriHi^o 
than that marked a A thermometer or pyrometer Is inserted at v, while t sorvos as exit foi 
the vapours, which are oondenaed m a coil surrounded by cold water in tho oaso of tho 

first products and by hot water m that of tho IohL 
products , these ore oollooted In older of donsity In a 
number of small receivers, from wluoh they am jiasHtMl 
to large store tanks Tho stlUs are arraugocl m 
batteries under light roofs open at tho sides so that 
the damage m oase of fire or explosion may ho nuni 
mised, the further precaution being taken of ])liu iiig 
the fire hearths outside in tho open Wlion tho ])ro- 
ducts formed at 270° are distilled over, tiu) yu^ld n 
inoreoBod and the pitch rendered mori' liquid, and 
so prevented from ohomng, by introducing a ourmnt 
of superheated steam, this roinoviiig various suh- 
stances (anthracene oil) which would otherwise I'oinain 
In the pitoL Tho latter is then dischargtd, wlillo hot, 
into old, disused steam boilers so as to avoid ountotl 
with the air, which might ignito tho mass , wlieii 
almost cold but still fluid, it is run into shallow vobsoIh 
or pita dug in tho earth and aJlowcsd to solidlfv 
With a still holding 300 to 400 qumtola, eooh distillation (including ohniguig and dis 
ohargmg) lasts about four days. Distillation m a vacuum saves tlmo, lessons mpairu, and 
gives an unproved yield of oil, better pitch, and a smaller deposit of oolco, so tliat it 
Bufhees to clean the retorts after 2C or 30 oharges 

In largo tor distillenoa, after the teinperaturo in the still has reached 270°, tiio dwtillii 
tion IS completed by paasmg into tho mass a current of auporhoatod stoain at 27r)', the 
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products boiling at higher temperatures being thus distilled unaltered and a howior pitch 
obtaaned , U a soft pitch is desired, heavy oil is introduced into the boiler at tho end of tho 
distillatiom 

Vanonfl systems of oontinuons distillatioa hove bpon introduced to oeonomise plant, 
fuel and labour In the Lenhard process the washed and dried tar, heated to 100°, is foreod 
slowly (70 tons per 24 hours) through a wddless iron coll about 800 metres In length, 
heated in a furnace by means of producer gas. The temperature of tho tai may reach 360° 
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and, (IB the inoBfl possoa from tho ooil to a eoparatiiig voaael, tlio Jiot pitoli sopamtoa wid 
tlio rojuaiiidor is trauaforniod inatantly into vapoura, wluoli aro ooiidonaod in Bovomi 

BUUUUSAIVO OOllfi 

III tlio Hir/ol systoiii tlio whole distillation ifl ofTootod Goutiiiuoiialy In a ourroiil of 
Buiiorhoatod Btoam, only tho final prodnota being distiUiid by dircot £ 1*6 hoat from a atill 
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ooimeotod with the firat one In this way the different oDb distil at tomporatniTos lower by 
12C° to 160° tlioii m the ordinary apparatus, and, honoo, ore not only less higlUy ooloui'od, 
bnt ore also obtained ui better yields. 

In the Kay system, five or more oylindnool iron retorts are arranged parallel, but 
alternately, with one extremity high and the other low (h^gs 430 — 430) Tlio tar from n 
raised tank enters at the bottom of the ffrat boiler and passes out at tho top to outer tlio 
second boiler at the base, and so on. The fumaoo gosos heat tlio last boiloi first, so that Lids 
attains the highest temperature and tho first 
boiler the lowest temporaturo. The vapours 
from the different boilers are oondensed in sepa- 
rate ooils 

Worueoko (Qer Pat 301,872, 1007, and 
237,823, 1011), has proposed tho use of a oouioaJ, 
stoppod still. At fitted \yitk a number of super- 
peripheral ohaimels, E, inside (Fig 440) 

Tho oovor, B, is fitted with a vapour outlet, &, 
and a pipo, u, for the oontlnuouB introdnotion of 
tho tor (wliioh first passes through a heater, 
whore the water and hght oils aro distilled) Tho 
latter enters tho uppermost ohonncl, E, and 
ovorflowB into the lower olionnela, gradually 
cbiniuishlng in volume owing to the distillation 
of various producia , the more or loss liquid 
pitoh IS dlsohorged at d. The vapours of the 
medium oils pass througli the upper orifioe, 6, 
to refrigerators, but those of the heavy oils from 
the lower channels are coUeotod by the perforated Fio i40 

pipo, DF, which is provided with a cap, Gp and is 

jurronnded by metal gauze, and comes them through 0 to refiigeratora Tlio still is hooted 
by the gases from the hearth, f , which oiroulate m the flues, e. The distillation is intorrupted 
jnly once in 4 to 8 weeks to allow of the removal of the coke dopositod on tho inner surfaoe 
rf the still Although the total capaolly of the ohonnels is only 600 kilos of tor, the daily 
output IS equal to that of a still of the old type holding 2600 to 3000 kilos Suoh a still also 
lerves well for the distillation of IvbncaliTig otU from petroleum rtisidues. 

PRODUCTS OF THE DISTILLATION OF COAL TAR. Tho products whloh distil below 
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110° at ordinary presauro (sp gr 0 000 to 0 010) ewe somewhat similar to the ammonlaoal 
liquor of gofiworks, and oonsist of a more or leas ooloured hquid on wluoh floats an oil coii- 

taamiig a little benzene and toluene 



Tlie second portion (3 to 5 per cent,) which 
is ooUeoted is that distilling botwoon 110° and 
170°, this formmg the so oallod tar oils (sp 
gr 0 910 to 0 060) 

From 170° to 230° the phmaU or niGd\um 
oils or creosote otls (6 to 0 per oout ) are oollootod. 
The next fraction (26 to 30 per cent ) oonsists 
of heavj/ otls (up to 270° , sp gr 0 080 to 1 030), 
and tho flnal one, tho anlJiraconc oil (7 to 0 per 
ooiit ) passes over at 270° to 320° (sp gi 1 060 
to 1 006) and forms a buttery moss ooniposod of 
oils and orystalhno sulistanoos. Tho final rcsiduu 
constitutes the jnieh. 

The percentage amounts of tho dllToront pro 
duets obtained from toi are, on tho average, os 
follows benzene, about 0 0 , toluene, 0 4 , 
homologuos of toluene, 0 6 , orudo phenol, 1 , 
higher phenols, 4 to 6 , pyriduio bases, 0 2 , 
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naphthalene, 7 to 10 , heavy oils, 23 to 20 , 
anthraoeno, 0 3 , phenanthreno, 0 0 , plbeh, 66 to 
00 , ammonia hquor, 4 , gas, about 16^ 

The vonouB frootions obtainorl in the first 
distillation of tor aro treated ns follows 

(A) Tho LIGHT OILS are brownish yollow 
and darken m tho air and light Tlioh ooni- 
position vanes with tlie qiiahty of tho tar, as 
IB sliown by the following results ubtoinod In 
aotual prootioQ 


QiiBivarhB Ookn-ovun 

tnr tor 

Crude benzene I (distilled up to 136°) 30 12 per oont 12 00 pei oont 

„ „ II (distilled at 136° to 105°) 16 60 per oont 10 42 per ueiit 

Phenol oils (106° to 106°) 18 01 per oent. 18 47 poi cent 

Residue (medium oils) 26 61 per oont 40 30 pur eoiit, 

Water and loss . 3 67 per oont 3 Oil per oont 


Tho hght oils are distilled and rootlhod m a ooliimn apparatus (Fig 441) with stills 
holding 100 to 200 quintals and heated by diroot Are or by superheated indlrtH.t steam , 
tJio first throe frootions (up to 106°) are oollootod soporatoly Tho orudo bony ones I and II 
can be purified from tho small amount of phenols they oontoiu by wosbing with oanstio 
soda solution , tho remaining benzene Is tlion reottfiod again m oider to remove thu toluene, 
of which it may oontam as muoh os 25 per oent (see hler, Beuzouo) Tlio phenol oils (dis 
tdlod between 166° and 106°) contain approoiablo quantities of uaphtbnlouo, and are 
thoroforo worked up with tlie medium oils 

(B) MIDDLE or CREOSOTE OILS vary in amount from 6 to 10 per oont aoooi'ding to 
the type of tor used and to the tomperature of distillation (110° to 180°) Tliey are brown, 
and at the ordinary temperature become pasty owing to tho separation of naphthalono 
orystals They darken in the air and on distillation give the following oompouenta 


^ In a larce German ouko tar distillery, where retorts holdmg 360 quintals were used, tlie 
mean yields of several years were as follows Ammonlaoal liquor, 4 27 per eont , light oils, 4 00 , 
modiiun oils, 10 38 ; boavy oils, 6 11 , anthraoeno oil, 13 71 , pitch, 00 40 , loss, 0 08 Tlie 
tor distilled contained on an average 24 poi cent, of mattor (oorbon) insolublo In benzene, and the 
mean cost of distilling 1000 kilos of tar was os follows i Labour, 7 7d , cool (at Is 7d per quintal), 
14 4fl , steam, 4 6d } various materials, 1 4d , repairs, 8 6d , depreciation, 11 6d , total, 43 Od 
In a large distllJery fitted with retorts holding 180 quintals and working at reduced pressure 
a larger annual output was attorned, while the moon ooat per ton distilled was 30 Bd , theylel^ 
were os follow Ammonlaoal liquor, 3 86 per cent ; light oils, 1 24 , medium oils, 12 02, heavy 
oils, 8 60 , onthrooeno olL 18 68 ; pitch, 64 66 , loss, 1 14 When tar free from water is distilled 
the consumption of cool is diminished from 7 6 to 6 per cent. 
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Mod iu 111 tor-oilfl 

Otu 

MeUillutgieid eoLa 

Grndo bon/ouo H (to 105°) 

Phenol oils (105° to 105°) 
Naphtlinleno oil (106° to 280°) 
Roalduo 

Water and loss 

4 16 per oont 

21 77 

43 46 „ 

20 01 

3 72 

1 78 per oent. 

10 01 

28 08 

48 18 

145 


(C) HEAVY OILS oonatituto 26 to 30 oont« of the tar and form a soml-solid, bJaokisli 
moas, that obtained from gas (motollurgioal ooke) tar oontoimng about 28 (30) per ooni. 
of imphtholQiie and 10 (10) |)or oent of phenols. They are frootiouaJLy distilled, the main 
middle fraction being either used directly for various pnrpoaos ^ or distilled m a voonuni 


1 Heavy iar-oiU when not rodlatUlod in a vacuum to recover the anthraoeiie, la used an an 
illuimnaiit, or for the manufacture of lighting gas, or as fuel, or for Inipregruitlng wood 'In 
obtain illamlnatlng goa the oil la run In a tliin atream into heated iron rebarta (oa In tho oracking 
of xietrolouni, see p 87), oarboa and on oil atill oontauung a oonaldorahle projiortlou of bouzoiio 
being formed in addition to the lighting gas. 

When these nils ore used diroouy for heating piiTposes, they are pulverised under tJio fumocos 
by means of a steam jot which lutrodueea tJio neoeasoiy quantity of nir 

At the Doutz gnS'Cngine works (near Cologne), lioavy tar oil has boon applied in Diesel onglnos. 
Tar Itself may bo used in those eugiiios, ospeolally tliat from vertioal fumaoea, wliioii eon tains 
for less naphthalene (2 to 3 per cent ) tlian that from horizontal or Inclined gas retorts , tho 
lower the tomporaturo at whloli oo^ la diaUlled tho greater is tho proportiou of x^umfllu 
hydrooarbona obtained 

A oonsidorablo amount of heavy tar oils la used for the dieinJeciMni and deodonnaUmh 
of imnofa , oontinuous nnamg of these with water may bo replaced with advantage by briialiing 
on a thin layer of a mixture of tar ods of vonoua oompositdons (heavy tai oiia mixed '^tli heavy 
mineral col, soap, etc ) Tliia mixture should answer the following fequireinenta ap gr 01)00 
at most , b pt. 106^* at least { It should remain liquid at 0° and should not separate into diiforont 
layers on st^dlng , it should not contain soap, alcohols, or free alkalis or mluoral acids , at 
least 76 per cent, ^ould distil at 360° , it ahould contain at least 7 x>er cent, of oresoL 

Very largo quantitlea of heavy oils are now used for tho preamaixem of iwod. 'rimber, 
railway sleepera, telegraph x)oles, etc , especially when in contact witli tho ground, are liijiii'od 
and become unusable In a few years owing to tho attacks of various moulds and micro orgamsniH 
(MeruUw lacnvians, Polyyoma va^amua, eic ) Even when hard wood is uaod lb gradually 
becomes considerably attacked Telegraph poles and railway sleepers have been suacoHKfully 
treated by smearing with pitch or bitumen Ime porta which come into contact wibli tlio oaith, 
and Bu^dolal ohonring oi the wood at the points most subject to attack lioa also boon trlucL 
Eormeny much use was mode of tho method of mineralising Avood Concentrated and moro 
or less hot solutions of vonous salts (ferrous or oopper sulphate, zinc chloride, etc ) are foruinl 
into tlio pores of the wood under preasure , or the wood Is heated In a large autoolavo, which la 
tiiou evacuated to remove all tho air and water from the pores and subsequently filled Avlbli 
tlio salt solution, wluoh thus Impregnates tho wood oomplotclv The process whlcli givcN tho 
best rosults and has become wl^ly used m recent years is, nowover, that of BothoJl, uhloh 
consists In tho complete imprognatiou of the timber with heavy tor oils (crude ureosoto oil) , 
tiiese uonbom plieii^, Lresols, etc, whloh have a marked dislnfeotlng ootlon In Italy this 
procoss lias boon applied for some years, and la carried out, not m autoolavos, but in open vohhoIh, 
such as ore usod in Amarlca, tlie treatment being completed In zmo solutions aouordhig to tbo 
Improvements of the Glusaoul patents. Tho beams are Arst Immersed for 6 to 0 hours In 
a bath of fused niosut (see p 60] kept at 100° to 170°, by which means the wood is doxirlvcul 
of Its all and water and stenllsea , th^ ore then passed Into a cold vessel contatolng medium 
tar oil (tho portion distilling at 210° to 240° and having on acidity of 26 per cent, due to various 
phonols) where, after 20 to 30 mmutes' cooling, the oil penetratos tho pores to a deptli of 1 cm 
or more. The wood is Anally left for 3 to 4 hours in a cold, concentrated solution of zinc 
chloride, which forces the oil further in and forms a thin suTOrposad layer in the poroe (tlio wood 
absorbs as much os 16 per cent, of the zme ohlorido solutfouf Thus treated, wood i-oslsts the 
action of weather, water, and soil for 16 to 20 years, soft Avood being as leslstonb as horiL 

Tho German lallAvays require that every sleeper, 27 X 0 20 x016 metros, shall contain 
7 kilos of creosote oil In order to economise oil, Bupmg's process is oft^ urod Glds 
oonslsta In creating an air pressure of 6 atmoa. m the autoolavo oontainlng the wood and then 
mtroduoing the creosote oil at 10 atmos. pressure. 'When the pressure in the autoclave subse- 
quently falls ofE, the excess of oil Is forow out by the sir ooim^Bsed in the pores, the latter 
remaining coated Inside Avlth a thin layer of olL In this Avay 2 kuos of creosote oil give the some 
steriUsinff efloot. 

Tar oils freed from the phenols hove a baoterioidal effect three times that of sdno ohloiide, 
especially if they are emulsiaed with about 6 per cent, of resin soap and then dffuted with 40 times 
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(D) ANTHRA.CENE OIL or green oil, obtained m tbe direct distillation of tar, la a doiu 
fllmoat buttery, greeidflU brown moas of apooiflo gravity 1 00 to 1 126, fluid at 00° It oo 
tains 0 to 10 per oent of crude antliiaoeuo (40 per oout of antliraocno), besides naplitlinlci 
methylnaphtlialeuo, pbenanthrene, acenaphtheue, diphenyl, methylauthraoouo, pyror 
ohrys^e, reteno, fluorone, fluoronthrene, benzorytbrene, oarbazole, ooridino, about 6 p 
oont of lugher phenols, a and ^ naphtbols, and vanous basic substances. 

The outhraoene oil is usually collected in two fractions, I and II Anthraoono oil 
with apeoifio gravity up to 1 100, is used for the preparation of anthracene, and anthraoo 
oil n either for making oil gas {aee p 04), or lamp-black, or for removing thu naplithalei 
from coal gas (see p 47), or for making carhohneutn, which is used to proaorvo and sta 
wood- 

{^y PITCH is the flnal residuo of the direct distillation of cool tor (or peat or llgnl 
tar) and forms about 60 to 66 iior cent, of the tar 

Aocordlng to whether tlio pitch (residue) is roqiiirod to be more or loss llipiUl or soli 
tho distillation is auspoiidcd after the third or fourth fraction has boon ouUcoU^d , to I'ond 
tho pitch shiny, it is mixed m the still with the heavy oil remaining nfiei tlie crystal lisatn 
of the ontbrooeno. « 

Soft pitch molts at 60°, medium pitch at about 70° (used ni making briquettes fro 
coal residues , see VoL I , p 460), and liard pitch, of ap gr 1 26 to 1 276, at 00° 

Artliicifd pitch is made by mtorruptnig tho distillation of tho tar when tlio hght pr 
duets have been elhnmated and passing a ouireut of air through the liquid at 100° G 
I’cnder the pitch more readily fusible, it is fused with sulphur 

The peroentago elementary composition of pitch is 0, 86 to 1)2 , H, 4 G to 4 £ 
O + N H- B, 3 to 7 , ash, 0 6 to 2 6 

Pure carbon ramaJns imdissolved when pitch Is extracted with tar pliouols, but bonzoi 
oxtracts from pitoli a pure hUuinm used m olootrotochnios, tho Insoluhlo port bomg eniployi 
either to make lamp block or os retort graphite for making electrodes 

Perkin calculated tho value of the final products of tho complete and rational treatmoi 
of 0,000,000 tons of coal (costing £5,400,000) to be as follows dyes, £3,360,000 , amm 
mum sulphate (105,000 tons), £1,060,000 , pitch (325,000 tons), £365,000 , creosote c 
(1,125,000 hootols ), £208,000, crude oorboUo acid (45, OCX) hootols.), £220,0(X) , col 
£2,400,000 Total, £8,503,000, oxolusivo of the 30 ou. metres of gas per ton of oo 
oorbomsed 

BENZENE (or Benzol), CflHg This was diacovoiod by Faraday m 1825 ] 
the liquid obtained on oompresBing LQummating gas, but tho more abundai 
Bouroo, tor, was found by Hofmann m 1846 

It ifl obtained pure by tho dry distillation of benzoic acid witli Iinio, an 
then forms a colourless, mobile, highly refractive liquid of sp. gr 0 8841 at 15 
b -pt 80 4® (a mixture of 60 66 ports of benzene with 39 36 of methyl olcoh* 
bo^ unchanged at 68 35°), and m -pt +64°, it bume with a lummou 
smoky hamo 

The oalonfio value of benzene is 10,060 cals per lolo, the latent hoot < 
evaporation being 94*4 cals , and the vapour pressures at different toniporatun 
os follows 

Temperature — 10° 0 10 20 80 40 60 00 70 80 00 10 

Hm of Mercury 14 8 20 6 46*4 74 7 118 2 181 209 388 0 647 4 768 0 10 10 13^ 

The commercial product contains thiophen and traces of carbon disulphid< 
which may be olimmated in vanous ways, e g , with moist ammoma (Sohwalbi 
Ger. Pat 133,761) which Boparates insoluble oil drops, or by boiling with me] 


their weight of water , leas than 1 kilo of tar ofls is thus suffloient for a rallwe^ sleeper Goc 
results have also boon obtained with heavy petroleum oUs heated to 200° with 2 pw cent, of sulphi 
and then mixed with 40 per aont. of creosote oil 

According to Priodmonn and HeldeoBtaiu, wood is preserved well by Impregnating it wll 
oalolnm oresolate (soluble in water) and then precipitating calcium oorhouate and oresol m tl 
pores by simple eimosure of the wood to air or, beniOT, to fumes rich In carbon dioxide (Donh 
Pat. 12,419 of 1900) Injection of a hot solution, of sdno fi which 

hisoluble in the cold, has also been suggested. 
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curio acetate, Bulphiu olilorido, oi 0 0 pei cent of ahimmiuni ohloiidc , accord- 
ing to Ger Pat 211,239, foiiualdeliydo, aoetaldoliydc, oi plitluilic auhydnde 
may also bo uflcd, all tlioBO Bubataiicos combining with tliiophen Beii/ouo 
diHBolvca iGsma, fata, sulphiu, rubber, gutta-peioha, oamiilior, etc , it mixea 
with alcohol, ethoi, acetone, etc , and is almost completely insoluble m water 

The pioparation of artificial henmetie, starting with potiolenin, was desciibecl 
on p 87 Benzene forms the prime material for many varied syntheses of 
aromatic compounds, such as nitrobenzene, onilme, plionol, etc , and of dyes 
(also nowadays of aitificial indigo) In presence of AlClo it is rendered more 
active chemically, os though it oontamed a true double Imkiiig It is used as a 
solvent foi fats and for purifying many organic ooinpounds , the addition of 
16 per cent of benzene to the fuoohol used with an Auor mantle foi ligliting 
puriioHos results in a saving of 27 per cent of the alcohol Largo quautitioa of 
iM) per cent benzene aie now used foi oaiburettiug illummatmg gas to which 
water-gas has been added ( p 68) It is also employed for diasolviiig rubb(ir 
and lacs for makii^ hnoleum, for removing fat from bones, and for automobile 
ongmes, but should contam toluene to prevent it from freezing in Avmtor 

At one tmio It was obtaiiiod exaluslvoly from gas tar, this yielding also larger qiian 
titles of toluene, tho uses of which wore llinitocL Alter 1880, when the tondonoy was to 
ohtoui inorcaaed yields of illiunbiatlng gas by raising tho tomperaturo of carbonisation of 
the ooal, the quantity of tar dimiuished, as also, in still greater propoition, did the amount 
of benzene. In 1882, the price of bonzouo, tlien in great domniul by dyo manufooturora, 
oxoeodod £12 iwr quiiitoL It was then that attontioii was turned to tlio recovery of tho 
tor from motollurgioal coke footorles, but although this tar is obtaiunblu in largo njuouiits, 
it IS very poor in benzene, most of which escapes with tho gases and is wasted iii tho fur 
iiaoos Darby was tho first to suggest tho rooovory of tho bonzeiio from tho goaos of tlio 
ooko fuinaoQB , and nowadays these gasos, boforo being burnt, ai'e olthor strongly ooolod 
to oondonso the benzene or washed witli slightly volatile tor-oils, iii wJiieh the bouzono 
dissolves and from which it is recovered by sub^uent heating (see Nolo, p 58) ^ As a 

1 Benzene is now reoovorod from its solutions in heavy lulnumL oi tur oUh by moann of tlio 
KnbioTBohky rectifying oolomn (Gor Pat 104,607, lOOO), which works oontimiously and gives 
FI Blisfpor separation of tlie oomponenta of a mixture thiui other systems. 

The action of this oolomn is hosed on the dlaplaoomenb of a vapour or 
gas by Bupei position of aiiodier hghtoi vapour or gas , the two layers do 
uot mix ii tho velocity of movement is less than 0 75 metre per second, 
aud uBuaUy tJio velocity in suoli an apparatus is 0 3 motra per second 

III the ordinary rectifying ooliinui (sec p 168) tlio mficod vapour (for 
iiistonto, of alcohol and water) posBCB upwards and lias to ovuroomo tlio 
rofdstanoo of tlie liquid layers in tho oliamhers above , further, tho lighlor, 
hotter and less uuncoutrated vapours below do not merely diaplo^ tho cooler, 
heavier and more oonoontratou vapours of tlio upper chanibors, bub mix 
wiUi thorn to some extent and render the reotlfioa^u loss perfect Iii tho 
Kublorsohky column, however, tho Uglitor vapour passes from tho lower 
port of niio ohamher to the upper port of the chamber above and sottlos 
gently on tho lioavlor and ool^r vapour oontolnecl bhorem, tills being tlius 
forced to tho upper port of the chamber above (aso Fig 442) Tho dilute 
alcoholic liquid onteis half way up tho column by tho ^po a and desoouds 
ns a spray through tho perforated pUtoe of ohombotn 0, 6, and no on At 
tho some time stoam at sliglitly almvo 100^ enters by h into ohambor 1 
and descends along with the spray of nloohollc liquid from tlio perforated 
base uf ohamW 2 This hquid Mves up to the st^m any traces of alcohol 
it still oontahiB and is disohargM from the perforated bottom of chamber 

1 through the pipe d The steam posses into tho upper port of ohambor 

2 and there forms a layer above toe slightly more oloohollo (and heuoe 
lioavler) vapour therein and forces this into tho top of chamber 8, and so 
on Tho oBoending vapours are not subjected to friction, sinoo they fail with 
the liquid spray and never bubblo through liquid layers At the top of 
tho oolumn, in chamber 14, the vapour z%)h in alcohol rises through tho 
pipe e to the dophlegmator, B (ooti^ as a preheater for the dilute oloohollo 
uqvid entering the omumn at a), whore a litclo water and a very little alcohol 
condense and fall os spray into cumber 14 and tho lower ohambera The 
alcohol rich vopoor not condensed In the dephlegmator issues through the 
pipe 0 and is condensed in a coll a short distance away The column 
\a composed of a number of flougod cast or wrou^t iron rliw or edemoutB bolted together 

CommunloatiQn between the lower part of one onambei and the upper part of the chamber 
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rL*sult of Una proocsa, tho production of bon7oiie bcoaino inoro than ton tiinca that of lidve 
tlio pnco, which waa £2 to £3 poi quintal m the iiciiod 1885-1800, faJJitig to 20^f to 2 
in 181)8-1010, and. to below 16^f m 1013 Pure tiuophon-frec bon/eno coat before the Vi 
about Ifl Qd per kilo and the purisa product, obtamed from ben/oio acid, pei kilo 
VaiiouB fuiiTiB of ap2)araluB are used for distJUuig and reel dying enidu IxMi/ono, 
being heated by moans of indirect Btetnn Use may bo made of Hiivors apjioiutus (p >■ 
or of the similar one of KeoJunann (p 105), but having a still with a Hnuilloi hom^ lu i 
form of a shoit/, honzontol cylinder anil with a deplilcginator m the iqqier pait of i 
column.^ 

above IB ofTeotod by ineane of vmiouB arrangomonts, for oxanqilo, by tiibos, un hIuiwii in I 
or by moans of a oontial tiibo anil a peripheral aiiinilnr spoco (l<hg 414) 'Jlie li<[iiid (lolleet 
on the bottom of cadi ehainlior paasoR Info tlio chamber beneath through hviliaiilliMdlv Him 
bolls, passage of the vapour throiigli the bases of the chamlHirs being tliiiu iirevenUMl '^IMie 



Pia 448 Pju 414 


of the spray may bo rondorod Hlowor by the Insertion lu the diandiew of perforated platw 
metallic gauze (Pig 441) 

Foi the rooovory of benzene from Its sohitlona In lieavy oils use may bi* inaile of t^^o s 
columns BuperposocU In the lower one fclio solution, falling oh a spray, iiuines into (contact y 
steam wliUSi removoe tlio benzene, the mixed water aud bonzone vapmira tliim posnlng upwe 
tlirough the upper uoluinn, where they moot a spiTiy of crude benzene TJie mixed watei i 
benzene vapours IsHuing from the top of this column ore aondensed and the water separated 
decantation 

^ Tlie differeut fractions obtamed on reotiftoatlon ore as follows i (1) rommtrrial per e 
hensune I of sp gr 0 885 at 16^ f^DO per cent, of this distHs at 100° and 100 ^ler cent at 12 
It oontoms about 20 per cent of toluene ; 120° is termed the dry jioinl of the benzene) , (2) 50 
cent hPiixene IT ivlth Bp gr 0 880 (60 per cent, of this distils at 100° and 00 per cent at 12( 
(3) heavy benzene or aomnt napfUha with sp gr 0 876 (20 per oent. of tills oistils at 130° i 
00 per oeut at 160° , it serves os a good solvent for rubber) 

The ieaitng of commercial benzene Is oanrled out by determining its density and by frootloai 
distilling it , 100 o.o are distilled in on ordmory flask with a nde tube {aee p, 7o) and hen 
on a metol gauze with a flame bo adjusted that two drops distil over per seoend j the fle 
IS removed for a minute before changing the cylinders m which the separate fractions (1< 
120°, 180°, 100°) ore oolleoted In some oases a nitration test Is made, note being taken of 
yield of nitrobenzene, purlAed by steonv and then reotlfled (afe laler, Nitrobenzene) ' 
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PURE BENZENE, now rociuired lu oonaiderablo quantities for vanniis ohomioal nidus- 
tnoa, HuoJi os the nmnufoofcuro of ayntlietio phenol (ac& Znter), tho manuf act lire of intro- 
boiizono for niakuig piu:« aniline, oto., is obtoanod from puriiiod IK) per cent, bonzena Tins 
IS washed Bovoral times witli a total of 2 to 3 i)or ooiit of 90 to 08 per ooiit euljihiirio aold 
or of 2 per cent of oleum After standing for some time, it is woshod first wiHi a little 
^7nto^ and tlieu witli 18 per ooiit. oaustio soda Bohitiou (0 4 por oont. of NaOH aaloiilatocl on 
tho weight of the bonzoiio), and afterwords subjeotod to oorcful fractional distillation, 
being hoatod by nidi root stoom Tlio fraction boiling at 80° to 815° is furthoi recti flofl, and 
ihon yields 00 5 per cent, boiizono, b pt 80 2° to 80 8° at 700 min. prosanro , a variation of 
1 mni m tho prt*Hanro altora tho boiling point by about 0 06° 

Tho final purifioatioii of small qiiantitioa of boiwono may bo olTootod by ooohng the 
liquid until it froozos and then squeezing or centrifuging away tho toluoiio, etc ,from tho 
oiystols 

When aholcen with an equal volunio of pure oonoeiitratod sulphuiio aoid, pure benzene 
should not turn the acid yellow If traooa of thwphen ore present, tlio benzene will give 
tho blue colour of ludophenin when treated witli isatin and oonoontrated Rulpliuno ooid. 

TOLUENE (or Methylbenzene), CqHq CHq, is formed by tho dry diatlJIatioii of balsam 
of Tolu and of vonous rosins, and is obtained in appremablo quantities by tho distillation 
of tar (flfic above) It boils at 110 4°, does not solidify even at — 28°, and has tho sp gi 
0 87 at 16° It ouoiTiB to tlio extent of 10 to 16 per cent in orude benzene I and of 26 por 
cent, or more m crude bonzono 11 

Crude toluene is punflcd fi'om the hydrooarbons of the fatty sonoa which always oooom 
paiiy it (and are not eliiuinatod by r^ifioation) by waalung it with hot sulphurio acid 
oontaining a little mtno aoid, the oloiinos being thus polyineriBetl and the thiophon dooom 
{losed It may also be puriflod by heating with, sodium 

Oommeroial pure toluene gives 90 per cent, of distUlato below 112° and 06 per cent 
btstwoen 108° and 110° (two drops pop second) It does not colour on protracted Rliakliig 
with Qoueontratod sulphnno acid, and if 00 o o, of toluene and 10 o o, of mtno aoid (44° 
Bd.) ore shaken together for some minutes in a tall gloss-stoppered oyllndor, tho nitrio ooid 
should become only a transparent red and not a greenish black and should not tlilokeii 

Toluene is used in the manufacture of dyes, pharmaooutloal products, perfumes, etc , 
and, during recent years, of tnnltrotolnene (^ later), which is usod in large quantities as 
on explosive. 

XYLENES (Dlmethylbenzenoa), CQH^(CHg)2 Xylene obtained from tor eoiitains the 
three isomoridea, o , m~, and p , metoxyleno being ppoeont to the extent of 70 to 80 por 
oont They oaunot be separated by fractional dlatUIation owing to tlio sinaJl difEoronecfl 
between their boiling pomts (o- 142° , m- 130° , p- 138°) 

Treatment with oonoontrated sulphurio aoid In the cold, however, oonverta tho o- and 
vir oompounds mto tho oorreaponding sulplionlo aoldfl, the p xylene remaining uiioliougtMl, 
Tho sodium salt of o toliienoeulphomo aoid oiystalliaea moi*o readily than that of tho 
771 compound, so that tho throe hydrocarbons ooai bo sopBuwitod With oxidising agents, 
the xylenes give phthallo adds (see laier) 

It is mostly m xylene whloli is usod in tho manufacture of dyes 

ETHYLBENZENE, C2H5, is obtadiied by JTittig’s ayuthoais (aee p 822) and gives 
bon ZOIC aoid on oxidation (clifforenoe from the xylenes) 

TRIMETHYLBENZENES, CBH3(CHa)B (ms Table, p. 023) Tho following iflomoridoa 
ore known 

(а) Mesltylene (symm 1 3 5 ) is a liquid of pleasEuit odour boiling at 160° Its 
ooufltitutiou is prov^ by its synthesis from acetone or allylene, by the foot that it does 
not form isomeno oompounds by further suhstltufaon In the nucleus, and by Its oxidation 
produots nitrlo ooid oxidises tlie three side ohadna Bueoessively and ol^mio aoid shnul- 
banoously 

(б) Pseudooumene (asyrmn 1 2 4-) is prepared from bromo p-xyleue {1:4 2) or 
bromo m xylene (1 3 4) by !Ktfcig*B ayntheaia, which indicates its oonstitutioii. It is 
Dbtalned in small proportion from the distillation products of tar, and is separated from 
mesltylene by conversion into the slightly soluble sulphonio aoid [see Xylenes) 

vdditlon of petroloum spirit to benzene Is deteotod by the lowerinj 
tplrlt does nob dissolve i)ai pitch or picric add, which are reodll 
me latter reacts vigorously with oonoentrated nibiio acid, wh 
iplrit 
VOL n 
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PURE BENZENE, now required m oonflulorable quant i ties for vanoua ohomioal indua 
trios, suoli oa tlio inaniifooturo of aynthotio plioaol (see, laicr)^ tho inoniifacrtiiro of mtro 
l)on 2 ono for niakiiig pure aii Jlne, eto , la ohtaiuocl from pu rifled f)0 pei cent bonzeno Tins 
IS wiiahod Bovoral timoa witii n total of 2 to 3 per oont. of 00 to 1)8 per ooiit sulphuno aoid 
or of 2 poc 001 it of olouni After standing for bo mo time, it is wosliod first with a littlo 
water and tJion with 18 per oont. oBustio soda aolutiou (0 4 por oont of NaOH oaloiilated on 
tho woiglit of the benzeiio), and aftorwords subjooted to oarofnl frootioiml distillation, 
bouig luuitcxl by indiroot steam Tlio fraotion boiling at 80° to 8C° is further root i fled, and 
tlieii yicvltls 09 5 por oont bonzeno, b pt 80 2° to 80 8° at 700 miin prosanro , a variation of 
1 nun 111 tlio iirossmx' oltors tlio boiling point by about 0 05° 

TJio final i)url float inn of Binall quaiititios of bonze no may bo olTectud by cooling tho 
liquid until it fr(?e7oa and tlion squeovang or ociitnfnging away tho toluono, eto , from tho 
crystals 

When shokon with an oqual volnmo of pure ooiioontrated sulphnno aoid, pure bonzono 
should not turn tho aoid yellow If tiaoos of Uivophen aro present, tho benzene will give 
tho blue colour of indopliemu when treated with iflatlu and oonoentrated sulphuno aoid 
• TOLUENE (or Methylbenzene), CgHg CHg, is foiined by the diy distdlatioii of balsam 
of Tolu and of various resins, and Is obtained in approoiablo quantities by tho distillation 
of tar {aeo aLove) It boils at 110 4°, does not sohdlfy oven at -- 28°, and has tho sp gr 
0 87 at 16° It oocurs to tlio extent of 10 to 15 por oenti m crude benzene I and of 26 por 
oont or more in orudo bo^izonB 11 

Omdo toluene is piudfled from tho hydrooarbona of the fatty senoa whloh always aooom 
liaiiy it (and aro not ohinmatod by reotiftoation) by wnslung it with hot sulphurio oold 
oontoinlng a little nltido aoid, tho oleflnes being thus polymoriBed and the thiopheii deoom 
poaod. It may also be punfied by heating with sodium, 

Oomnioroiol pure toluene gives 00 per oont. of distillate below 112° and 06 per oont 
bttwoen 108° and 110° (two drops por Beoond) It does not eolour on pititrooted shaking 
mth oonoontratod sulphuno aoid, and if 90 o o of toluene and 10 o o of nitno aoid (44° 
B6 ) are slmkeu togothor for some minutes in a toll glaBS-stopporod oylhulor, tho nitrio acid 
should booomo only a transparent red and not a groenish block and should not tliioken 
Toluono IS usod m tho manufaobare of dyes, pharmaoeutloal products, perfumes, oto , 
Olid, during rooent years, of tnuitintoluene (see Idler), winch is used in laige quantities os 
on explosive, 

XYLENES (Dlmethylbenzenes), CgH 4 (CHa)a Xylene obtained from tar oontauis tho 
throe iBomondoB, o , m-, and p-, mebaxylono being present to tlio extent of 70 to 60 per 
oont They oannot be separated by fractional distiUation owing to tho small difforonoos 
between their boiling pomts (o- 142° , ?»- 130° , p 138°) 

Treatment with oonoentrated sulphuno aoid in tlio oold, however, oonvorts tho o and 
compounds into the oorroaponding sulphonlo oolds, the p-xybue remalnmg nnoliaugwl 
The sodium salt of o toluenoaulphonlo acid orystallises more readily than tliat of tho 
»a oompoimd, so that tho throe hydrooarbona oan bo soparatod. With oxidising agonts, 
blie xylenes givo phtholio acids (see laUr) 

It is mostly wi-xyleno whloh is used in tho raannfooturo of dyes, 

ETHYLBENZENE, CgHg CgHg, is obtained by Ihttig’s synthoalB (see p 622) and gives 
bonzoio aoid on oxidation (differenoo from the xylenes). 

TRIMETHYLBENZENES, C8Hj(CHa)a (flfls Tablo, p. 623) Tho folbwlng Isomorldoa 
iro known 

(a) Mesltylene (symm 1 3 6 ) la a liquid of pleasant odour boiling at 166° Its 
lonstitution is proved by its aynthoaia from acetone or allyleno, by tho foot tliat it does 
lot form laomorio oompounds by further substitution In the nuoleus, and by Its oxidation 
iroduota nitrio aoid oxidises three side oholnB Bueoessivoily and olpomlo aoid slmuL 
anoously 

(b) Psoudocumene (asyram 1 2 4-) is prepared from bromo-^)-xylono (1 4 2) or 
jromo-To-xylene (1 3 4) by Blttig’s synthesis, which Indloatea its oonstifcution It is 
>btamed in small proportion from the distillation prodnots of tar, and is sejiarated from 
neaitylene by oonverslon into the slightly soluble flulphonlo aoid (sea Xylenes) 


•dditlon of potroleam spirit to benzene Is deteoted by the lowerhig of the density , also petroleum 
plrit does not dissolve ±ar-pitoh oi plorlo odd, whioh ore roadlJy soluble In benzene. Purthei, 
he latter reoats vigorously with oonoentrated nitno ooid, wmoh dou not attack petrdenm 
pint 
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AROMATIC HALOGEN COMPOUNDS (J »5 


The oliloiuio in the nucloua of clilorotolueno is uuitod oh fiimly os ni cliloro- 
bi3U/5one, wliilflt tlio oJiloiiuo in bonxyl chloride is readily roplacuable, just iih ih 
the case with that in niothaaie derivatives To aaoertam whethoi tJio halojjfon 
w inoaont in tlio nucleus oi in the side-oham, tlio oxidation piodiicts aio studied , 
thus, cIiloiotoliieiiG gives clilorobenzoio aoid, CflH^Cl COaH, wlulst bcn/yl 
cliloride yields bonzoio acid 

For cfistiuguifllmig isoincrio lialogen derivatives, the same methods aio used 
as for tliu xylenes, etc 

In Older to be able to name aromatio doiivativos the morn loadily, the 
following names are given to the more common of the diffeient gioups oi 
arovvilic rc»id-uc'i (known as aryl radicals and denoted genoially by Ai) 
— OH, phenolic, “-COgH, oaiboxyl, — 0 Ollg, methoxy , — Cgllg, plienyl , 
— CHa Cflllg, benzyl , — CO benzoyl , — CN, nitrile , — SOaH, snljiho 

or flulphomo , 0 OoHc benzenyl , 0, jihtlialyl , OH CqFo, 

benzyhdone or benzol , — diphonylene 

GENERAL METHODS OF FORMATION (1) In direct sunlight, chlorine 
and biomine act on benzene, giving additive products, e g , OgHaOlo and OgllgHi 
but m diffused light (best m presence of traces of iodine, ahuninuun ohlorido, anti- 
mony tnclUonde, etc ), sub^itution products ore formed With homologues of 
benzene, if the reaction is coined out in the cold and ui the daik (oi m difluaed 
light) or in presence of lodme (which acts catalytically), th(3 halogen enters only 
the benzene ring (even m the hot, if lodme is present), wliilst ui the liot or in 
direct sunlight, the substitution takes place prmoipally in tlio side-oham 
(2) By heatmg halogeuated acids with lime 


CflH^ca cObH = CgHga + cOa 

( 3 ) By withdrawing oxygen from osygenatod oompoundH (phenols, 
aromatic alcohols, ketones, acids, aldehydes) by means of POI5 , c </ , 
CflH. OH -f- POg = POCI3 + HOI + CoHflOl 

(?) By boihng with ouproufl chloride or potassium lodido tlio diazo- 
compoimds obtained from the concsponding uitro- or amiiio-oonipoiUKlH 
CflllgN NCI = OflHflCl + Na , CgligN NCL + KL = KGl + + 

( 5 ) lodo-deiivatives may bo obtained by the action of iodine, iodic acid 
being added to oxidise the hydriodio acid wluch is formed Tlusy are, howcvoi, 
usually obtomed by proocBs ( 4 ^ 

(0) lodobemme, OgHH, unites with two atoms of ohJonno, foimmg lodtMn- 
bemene chloride, CgHglCIa, digestion of whioh with alkali yields to{h*t(>l)onzonr, 
CgHfll 0, the latter, when heated 01 oxidised (with ohlorido of limc^) givmg 
i^ylhenzene, 2CflHaIO = CgHgl + CoHglOa or OgllglO -|- 0 = OgllglOa (an 
explosive, crystalline compoimd) 

Chlormation or brommation of tolume yields the pevra- and or/Zm-dorivativeH 
m equal quantities , the jne^fs-donvative is obtamed mdirectly (from diuzo- 
compoundfl) 


BENZYL CHLORIDE, CqHs CHgCl, is a oolomlau liquid with, a pungonb odoiu, luolUiig 
at — 40° and boiling at 178° , its speoiAu gravity at 16° 1b 1 113 It was first pro^’orod l)y 
CannlzKoro in 1863, and la obtained by chlorinating boiling tolucoio. With potoasluni 
aoetato this chloride gives the aootyl derivative, with potassium hydroaulphtdo a ineroaptaii, 
and with ammonia amino-bases On protraotod bolUng with water it is tiausformod into 
benzyl aloohob while boiling with lead nitrate converts it into benzaldehydo , when heated 
with finely divided copper, It loses ohlodne and oondanses to dlbenzyl, OgHs OHg OHg OgHs 
It is UB^ for the preparation of oU of bittei almonds and for numoroiis aromatio synthesos 
its chlorine atom bmng readily replaceable. 

Benzyl bromide, when treated with potaaamm iodide, gives Benzyl Iodide These 
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PaiNcipAL Halogen DEauvATivEs of Ben/enio 


fiinpfrlpfU 

forranla 

Namo 

MoltliiK 

point 

iiuiiiim 

jMiliib 

Hlinllh 

Hni\ iLy 


OhloTo-derxvaUvea 




c,H»a 

Monoohlorobonzene 

- 45" 

H- 132° 

I 1 128 fti 0" 

CoH.Cl, 

o-Diohloiobenzene (1 2) 

— 

17ir 

i 


m- „ (1 3) 

— 

172" 

1 


P „ (1 4) 

+ 5.3° 

172" 


8 

t; Tnoblorobenzene (1 2 3) 

10" 

218° 



as „ (12 4) 

03° 

213" 

1 


s „ (13 6) 

54° 

208° 


CsH^d^ 

i^Tetraohlorobenzoao (1 2 3 4) 

40" 

254" 



05- (12 3 £$) 

50" 

240° 



8- „ (12 4 C) 

137° 

244° 


CoHCls 

Pontoo hlorobenzeno 

80° 

270° 


CoClo 

HexaohorobenzBuo 

220“ 

32(1° 



Bromo denvatiwa 




OoHjBr 

Monobromobenzene 

-31° 

4 155° 

I ni7 at (1° 


0 Dibromobenzene (1 2) 

— 1° 

224° 

2 ((fl3 at 0" 


m „ (1 3) 

+ r 

220° 

1 UfW nt 20" 


» (1 4) 

87° 

210° 

1 841 at 8U° 


«-Tribroraobenzene (12 3) 

87° 





05- „ (1 2 4) 

44° 

275° 



« » (13 6) 

120° 

278° 



v-Tetrabromobenzone (1 2 3 4) 



— 



05 „ (1 2 3 G) 

08° 

320" 



» (1 2 4 5) 

175° 



OeBr0 

He^cabromobcnzene 

above 315° 

^ - 


CoH^BrCHB 

0 Bromotoluene (1 2) 

- 20° 

181° 

1 422 at 20° 


m- „ (1 3) 

- 39 8° 

184° 

1 410 at 20° 


P (1 4) 

+ 28° 

186" 

1 3112 at 20° 

OoEEg G£[2^^ 

Benzyl bromide 

liquid 

108° 

1 4.18 at 22° 


lodo-dertvcUwea 




CeH^I 

lodobenzene 

-30° 

188" 


C8H4la 1 

0 Di-iodobonzano (1 2) 

+ 27° 

280° 



w- „ (1 3) 

40° 

285° 


1 

P » (1 4) 

12J)° 

285° 

1 



produotB are alflo formed from benzyl aIoohol,C(Hg GH, OIJ.andhaloKoiiJiydFtwIds. tin 
may be oonvertad bank mto the idoohol by boiling witJi waW oi potaBHiiim oarlioiia 
Bolution. 


BpZAL or BENZYLIDENE CHLORIDE, C,H, CHC1„ ajid Benzotrlchlorlde, f'.K. CC 
are obtained rather by protracted ohlorlnation of boiling toluene or by tho action ot PCI 
benzaldehydo or benzoio aoidL ” 


sp gr 1 205 at lfl“, while tho trichloride mel 
at — 22°, boUfl at 218°, and Iiaa the sp gr 1 380 at 14° 

ICxed halogen dorivativee are known, aa also w Hexachlorohexahydrobeneene, O.H.C 
Nuraeroua hniogenated derivatives of unaaturated aromatlo hydrocarbons have likewise be 
prepared, aj, a Bromoatyrene,C,H, OBr OH„ andyS Bromostyreno, 0,H, OH OHBr 


C SULPHONIC ACIDS 

These are form^ directly from the aromatic hydrocarbons by the aotir 
of oonoentrated or fummg aulpliiino amd or of ohlorosulphonio acid, d SOoI 
Imp^ved yields aje obtained in presence of mercury or feirroua sulphat 
whion exerts a catalytic action ^ ^ 


t 
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Tlioy aro ciyHialhiio HiibRtanceK, luiulily Holiihlo ju watoi tuirl ovoii liyf^O' 
scopic, juid aio Hupajalwl fiom tlio of Hulpliurio acid oitlier by mcauH of 

thciL calciLUii oi banuni saltw, which me Holublo, or by eatuiation of the aquooun 
solution with Hodiuiu chloride and subRcquout cooling , la the lattoi oaKo, the 
sodimn niilphoiiato Hcjiaratos, this being decoiiiposod witli the calciilatuil 
quantity of a nmioial acid and tho free sulphoiuc acid extiaotcd with ether 

Wlien treated witli siipei heated Htoam oi with hydrooliloric aoid, they Ioho 
the flulphonio group, the aiomatio hydrocaibon being tliiifl logenoiatod With 
PGI5 they foim the acid ohloiidofl, ey, OQIT5 ROgCl, which, witJi ainmoniiim 
carbonate, yield tho snljilmmicsy O0H5 BOg Nil 2 {ace Zff/cr) On eneigotic 
reduction, ihioyhenol (phenyl liydroHidphide), CoHg 9H, is foimcd 

BENZENESULPHONIC ACID, CgHg SOgH, m obtauiod by tho dli'oot ootiou of oouoon- 
tratod Bulpluino aoid on benzono CnHg + H^SOj = HgO + OqHb SO3H Its banniu anil 
load Balts bobig sohiblo, it oan bo ruodily soparatud from tho exocss of mdpJuirio oold 

It IB very stable and is not doootnjiosod on boilui|r with alkali nr oold (as is uthylfi nip homo 
acid), but if heated with hydroolilurlu auid at ir>0° or with BUj^ieilioatcd Btoam in j^irosoiiuo 
of oouoontratod pliospliono acid, it takes up water, giving bon/ono CaHg SOaH H ^0 = 
OqHq + HgSOt When cbstillod with potasainm oyamde, it forma bonyoiutrilc, OgHn BOjK 
+ KCN = KjSOj, + CflHfl CN 

Whou fused witli olladi it formfl pbonol, CbHb SO 3 K + KOH = KaBOa + GqTIo OH, 
wlille with Pda it yields Benzene suJphochloride, OqHb SOj H + PClc == POCIt -f- l-K '1 1 - 
CqHb SOgOl {dooomposablo by water) 

With ammonia, amnioniuni oorbouato, or pniufury or socondary ainiuofl, bciiyono 
Bulphoohlondo gives more or loss Bubatituted Benzenesulphonamldes, e,g , CflHa BOg NHq, 
CqHb SOg NHR, OaHb SOg NRa» which oryetolliso wcQl As the tertiary ainliioa do not give 
tins roootion, they oon be soparatod from other ainlnoB. 

Owing to tho highly acid ohoractor of the SOq gi*onp, the aimiio group dooa not form 
Bolts, but its hydrogon oan bo replaced by mutalB, e,y , by dJsfiolviiig m Budluin hydroxide 
Bolutiou Sulpliur tnoxido convorta benzene into Sulphobenzlde {atU2ihfjne)t (CIbHq)qiSOs 

Nitration of benzeuesulplionlo uold yields inaiidy m nlirolmuzoneHidpliomc acid, but 
small quantitlofi of the ortho- and para donvatives ore also formed. 

Beduotion of p mtrobuiizeiioBulphoiiio amd yielda SulphanJllc add {p amuio/ienrene- 
rtcui), NHg CgHi SOjH (dlsoovered by Qeihaidt 111 184C), wluoli la alwo obtoiiiod 
on hooting oniJino with fumuig tmlphiirio acid or on boating aniline sulpliato at 200" TJiis 
acid and also the oorreeponding moto-oaid aro uaed m tho maniifootuTo of aTtillcial dyoHlunH, 
and botii of tliein can bo dia/otlsod (^ec IcUer) 

Sulphonic compomidfl and their Halts arc of importance ui tJio dye indiiHiry as 
they give dyea soluble m water and readily apphoable to tlio dyeing of textile 
fabrics 

Polysulphonio acids of benzene and its homologiies are also known, Home 
of them sorvimr for the sopiiratiou of isomono aioiuatic liydxocaiboiiH 
Toluene) 

D PHENOLS 

Plionols contain hydro^l gioups in place of one or more liydrogou atoms 
of tho benzene nucleus They have a oharactenstio odour (phenol, thymol), 
and cortam of tliom are partially soluble in water, while all of them are Holublo 
in aJoohol and m ether , they distil miohanged and have a moio Iohs marked 
antiBoptio action 

Their properties resemble, to some extent, those of tertiaiy aleoholH and 
those of weak aoids Thus, ethers are formed by the action 01 alkyl halogen 
compounds on the sodium denvatives of the phenols, amsole, OaHs OOHa, 
and phenyl sulphate, OaH« 0 B(^H, being obtamed m this way , me latter 
compound is readily hydrol3^ed They are, however, stable towards oxidising 
agents, nitno aoid forming substitutaon products The hydroxyl group is 
with some difficulty replao^ by chlorme bv the action of POl. They act as 
weak acids, but with alkalis form stable salts, which axe soluble m water, are 
decomposed even by oorbomc aoid, and show only slight olectnoal conductivitv. 
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Halogenfl and nitric ncid replace the bonaeiie liydiogen of phenols ni( 
eoi^ily than that of ben/eno itself or its lioiiiologiios, so that even m dili 
solution phenol con be precipitated quantitatively as tnbioinophenol by t 
action of bromine water 

If the hydroxyl group is joined to a sido-cham and not to the benzo 
nucleus directly, tlio compound is an aromatic alcohol and not a plionol 

Oxidation of homologues of phenol yields hydroxy-aoida, tho side-che 
being oxidised while tho phenolic groups reniam mtnct 

When distilled with zme dust, phenols give the corresponduig oromai 
hydrocarbons 

In aqueous neutial solution, phenols give a violet, gieen, oi other coloiati 
with feme chloiido, calcium hypochlorite, oi, in somo cases, lodmo In genon 
they exei*t a leducing action 

With nitrous acid, phenols form isonitroao-doiivatives (oximes), and, 
presence of concentiated sulplmrio acid, intensely coloured solutions a 
formed which are turned blue by potash {Liebmmjin'H imcLion) G’he sodiu 
or potassiiun denvatives of the phenols {^ih&noxides)^ with caibouic acid ( 
COI 4 + KOH) give aromatic liydroxy-acids 

CflHs OH + COa = OH CO 2 H 

With chloroform and sodium hydroxide, they yield the correqiouding aldehydt 

They react with diazo-compounds and various otlior compounds forum 
colouring-matters [see later) The action of zinc ohlonde (oi oalciiun cliloiid 
and ammonia on phenols results m leplacemcnt of the OH by 

With formaldehyde th^ yield charaotenstio rosmous copdensation produo 
[see Baekelite, p G41) The commoner phenols aie obtained horn cool- * 
wood-tar 

(a) MONOHYDRIC PHENOLS 

These are found olonp or togethei with polyhvdiio phenols, and partly 
the form of ethers (c g , ^oiacol,OH Oglli OCfas, crosol, etc ) m tlio ti 
obtamed by the diy distillation of wood or cool They ore separated fio 
tho tar-oi]B by means of caustio soda, which renders them soluble, and, aft- 
sepaiation, ore set fiee by miner ol acid and subjected to fractional distillatio 

Tliejr are also obtamed mdustiially by fusing salts of sulplioiuo acids wil 
alkali (in iron vesesls , m tho laboratory silver vessels are used) 

OoHj S 03 K + 2 KOH = OoHb OK + KaSO^ + HaO 

If the nucleus contams ohlorme atoms, these ore also substituted by liydrox 
groups by this reaction 

I^enolfl ore formed by boilmg diazo-oompounds [see latefi) with water i 
dilute sulphuno acid solulnon 

OflHg Na01 + HaO = Na + H01 + CflH6 OH 

Also, when bemsene is oxidised with HjOa, or with oxygen m presence < 
oluminium chloride, phenols are obtamed. 

Ohlorme atoms or ammo-groups jomed directly to the nuoleus may I 
replaced by hydxoxyl-groups by the action of sodium hydroxide, but only wlic 
the nucleus contains also strongly negative gioups, eg 

PHENOL (Carbolic Acid), OH, was first disoovered by Bnngo In tar a-n d ooours, 
a small extent and m oomblnatioziA in urine. 

It 1 b Bei)arated from tar-oile {see pp 62$, 029} by treatment with oauBtio soda solntic 
(sp gr 1 00) and agitation by a omrent of air , steam is passed through the deoant< 
alkaline solution of phenol, this removing the naphthalene, eto. The phenol is thi 
liberated by H|SOa or 00| {6.g , fiue gases) and washed sevwal times with water, cm 



The Most Importaot Phenols 


PHENOLS 


630 





040 ORGANIC CHEMISTRY 

catholxo acuL (oontainiiig 40 por cont of phouol, tLo rest oroosoto, oto ) of a^) gr 1 05 to 1 0( 
being thus obtaiuecL^ 

Borok (Qer Pat. 322,242, 1010) propoaoa to extract all the phenol froin tar oila hy tL-untini 
them 'vdth inotoUio sodium, 2C0H5 OH + 2!N‘a = 20 qH 5 ONa + Hg , Buioe water 1 h iio 
formed in the reaction, niveraioii of the iattor dooa not tako place os wlien Bochuin iiydroxidi 
ifi used. 

Phenol IS purified by repeated distillation betwoeu 176° and 186° or, better, n'otiHoatioi 
until it orystolHses at the ordinary temperature and no longer turns rod 111 the air To fret 
it from final traoea of orosol, it is diluted witli 12 to 16 per cent of water and tlio liydratt 
orystoUifled at —8° to —10° (orosol hydrate orystolhsM at —20°), ceutnfnged and chstillot 
untd a strength of 00 per oent is attaiued , repetition of the opoiatlon and of the distiUatioi 
(m earthenware vessels) gives ohermoally pure phenol Minimal quantities of ivatcr pro\ oul 
orystalhsation at the ordinary temperature. 

Synthetic Preparation of Phenol This is coonoiniofdly possiblo wlien bouxono Is ohotii) 
Germany supphed Great Biitoiu with synthetic phenol during the Boor War, hut afti'i tiu 
war the pnoe of phenol became normal again and Its manufacture hi this way 
During the European War (1014 to 1018) enormous quantities of phenol wore gousuiiuhI, 
not only as on aatisoptio, but more particularly for malting porio acid to bo iiHod oh an 
explosive Coal-tar phenol being qidte insufflolent to supply the demand, the inamifootuit' 
of syntlietlo phenol from benzeuo was earned out in vonous oountrlcs on an ononnoiiH scnle 

Pure beuzono is mtroduoed slowly mto a steam-jacketed oast iron hoder oontaimng tlie 
nooesBory amount of oonoentratod sulphuno acid, the mass being at first mixed witliont 
heating and aftorwards heated to 116° so as to form benzenomonosulphonlo acid 
sepeiratB the latter from the excess of sulphurio acid, the acid mixture is poured into n 
hot, almost saturated sodium sulphate solution, slow cooling then rcsultiug iii the sciiaratinn 
of a orystalline mass of sodium henzenoeulphonate, wluoh is oentnfuged and addtd in Himill 
quantitios to fused sodium hydroxide, and the temperature finally raised to 320° The 
fused mixture of sodium phenoxido and sodium sulphato thus obtained Is poured into a 
small quantity of water, the latter then oiyatalliBlng out audtthe phenoxido remain mg dis- 
solved After filtration the solution is treated with sufflcuont dlluto sulphurle acid to 
hberate the phenol, whioli floats on the sodium blsulphate solution, and is decanted oil 
and diatiUed in a vacuum 

Synthetio phenol may be obtained also by heating ohlorobonzone with very fUliite 
olkah solution at 300° under pressure (Borgius and Moyer, 1011) 

Pure phenol orystalliaos In oolourlosa noodles, melting at 42 5° and boiling unsJtorod at 
181°, but very httle water suffloDS to keep it hqmd. It has the sp gr 1 084 at 0° and 1 070 
at 26°, and it dissolves in 20 parts of water at 10°, m 8 parts at 77°, and m ell proportions 
at 84° , 100 ports of phenol at 0° dissolvo 28 parts of water It is readily soluble m alcohol 
or ether and has a oharaotodstlo odour, this being loss marked with synthetic phenoL It is 
poisonous and 1 grm on a wound or 8 grm ingested may cause death , oaleium suorato or 
Bodiom snlphito servos as antidote On aoooimt of its groat antisoptlo power it is largely 
used os a dismfootant in mediolno and surgery ^ , in many oases It is, however, replooed hy 

1 Testing of Carbolic Acid Commeroiol pure phenol melts at 80°, other pure forms 
raelLinc at 30° to 36° and boiling at 188“ to 180° Whan pure, phenol should dissolve oompletoly 
to a o^r solution In 15 pai-ta of water and should leave no reslduo on evaporation Plionol 
which does not orystalliBo at ordinary temperature oontoiuB at least 10 per cent, of Jiiglior 
phenol Uquora The exact qnontltatiYe estb^tlon of pure phenol (not contolnl^ oresolN, 
which behave like phenol) Is d^eoted hy transfonninc it into tnoromobonzeno by Koppesohoar's 
metliod. There is no aharaoterlstia roootioiL for dirangulsliliig the phonols from aresols, hut 
the latter are the leas soluble In water An approxiniate method, whioh is used in praotloo, 
and is suggested also In the Gorman Phannaoopiela, for determining the phenol oont^t of crude 
oorholio acid is as follows 10 voTs. of the produot are shaken for a long time with 00 vula of 
Bo^um hydroxide solution (sp gr 1 070) in a graduated cylinder and wen left to stand tuitil 
two layers s^oxate , the volume of the undissolved non-phenol is then read off and, after this 
has been removed, the residue is acidified with HOI and Hod added to separate the whole of 
the phenol, the volume of whioh is subsequently measured 

‘ The ootaon of Antiseptics or Disinfectants (see aUo p 161] depends on the ohemlaaJ 
oharaoter of the antiseptic substance and partly on the qnontlty and nature of the suhstanoe 
to be disinfeoted The poisonous ootion of ulslnmotauts is the result of a ohemioal action with 
the proteins dE the plasma of the living odls, this having varying ofOnltlea towards difieront 
imtiBoptlo& ] the oonoeutration of the latter, tiie duration of the aotloiu etc , also Influence the 
ootion With some poisonous and very dilute solutlona (the limit of dllntlon for oomhination 
to Doopr between the proteins and the antlsoptio varies ‘mth the nature of the latter), certain 
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tlioi fintl«oj)tiLH (aoiToai\o sublimato, orcsols, oto ) wliioh Imvo not tlio luiploaRaiil odour 
f plioiioL Tliti lufixiumiu aiitisoptiu aution of pliouol ib uKortcd iii aquooiia RolntKMi iitul 
i prraoiico of luiid, owuig to its partial dimooiatioii Into tho loiifl (JgHaO^ and H , occjording 
D PRUggc, when diBflolvcd in pure aloohol or in oil, it him no antiHi^ptio notion, einoo it in 
lu'u not (lIsHOomted It ib UBod for niokuig piono and Bolioyho acidH and (1>08. 

It diuBolvos m oaiiBtio alkali Bolutions (forming &(/ , OgH^ ONa), bnt not in 

lioao of alkali oarbonatoa Witli formoldohydo it forma ruaiuoua oonilonaatiou producta 
Baokolito , HU heloiu) 

A pliio splinter, moiatonod witli Iiydroohlono acid, Is oolonrod bliiisli green by plionol 
a littlo os 1 port of phonol in 40,000 of water gives a white, flocoulout tnrbiclity of tiibronio- 
honol on addition of broimiie water 

Witli hydrogen In presonoo of niokol phonol ib ooiivei*tod quantitatively into cydohexatho 
1 100° or Into oyololio^ouono ut 230° Phenol ooogulatoa proteins 
Li 1013 Groat Biitaiu oxpoi'tod 8,000 tons of crude phenol (£100,000) and during the 
luroiioan War manufactured and oxportetl ononuous oinounta of aynfchutio plionol , in 
110 the exports woro only 0500 tons, and in 1020, 0,000 tons 
Before tho ^vor tho pnoo of ooininoroial dork oarboho auid (25 to 30 per coni ) was alafiit 
3 to £8 per ton , the 60 to 00 per cent iiroduot, £10 to £12 , 100 i>eL coni , £16 to £20 , 
10 palo acid, £17 to £28 , pure redistilled oiyetolfl, m -pt 36°, £55 , gIil miLolly pint? oiystols, 
18 , synthetic, £74 Cahium ;plieaoxide oost £8 and £14 rospootivoly per ton for the 2(^ 
id 50 per cent produerta Bunng tho war the prices rose to very lugh values, 

Baekelite, obtained by condensing phenol \ntb. foiTn aldehyde, resoinblos, lu appoaranco 
id behaviour, certain reams and plastic materials. It was pi'eparod and patented in 1007 
^ L H Baekeland ui tho United States Pi'ovious exporimoiits m this clirootlon wore 
ado by a nombor of mvoetigators, but Baokolaiid oorriod out an exliauatlvo tlioorotical 
id toohnioal examination of the question and found that, oocordlng to tlie tumperatiiro 
iiiditions and to tho nature of tho oondenaiug ogout omiiloyod, throe diatiuot produo ts 
e obtoiuable 

1 From phenols and formaldehyde with aold oondonaing agents, ilio so-caUod aeidiiig 
IX 8^lhstltlUe3, easily fuslblo and soluble in alooliol, ocotono, olkoh, oto , are formed 

2 If tho phonol is replaced by a phonoho alcohol, such as saligoiun, Oil OgH, C'ffg Oil, 
id the heating is carried out at 160° in pi’OBenoo of sulphurio odd, a rcBinous inoHS, sttlti eitn, 
formed which is ahuost insolublo in solvents and so^us but docs not melt when lieabod , 
IB represents a polymerised anhydndo of saligenln 

3 By condensation of phenols with formoldohydo m proaonoo of alkali (leas than oiio fifth 
that nocosaary to form tlio Bodium phenoxldo) tlu'co important produuta may be oliiaiiicid , 
lekohtos A, B and C 

Baekelite A, obtahied by protiaotod heating below l00°, is viseoiiH oi liquid iti tlio 
t, sohd and bnttle when cold, and soluble in vaiious solvouts , it roBiilts from poitial 
hydridisation of the condensation product of phenols with formaldehyde, 

Baekelite B, formed by keepmg boekoHte A siighily above 100°, is ii roHinouB iiioduct 
soluble in solvents, but sometlmos swelling in them , it softens witliout mcdting 
atod and may then be moulded It may bo regarded os the ooinpluto onliydrido of 
ekehte A 

Badcelite C is obtained by heating baekehto B at 100° to 180°, but in unlor that tlio 


ore OTffQiiisms fbr the whole of the motal of the antiseptlo U ff , uoppor oi niorcury fi^om tholr 
ts) . the Bolutloa does not then react with hydrogon sulpuldo, wmlo Uie oeUs ul tho mlcro- 
[onism do so The following Table shows tho approximate doses of difforonb antlHoptles 
jeaaary to kill 10 grma of beer yeast (containing 80 pei cent,, ue , 3 grmfl , of dry matter), 
b those numbers would doubtless require oouslderable modlHoatloii in the dlsiufeoliou of othor 
terlals 
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earbolio acid 
fomialdehyde 
acetaldehyde 
o-hydroxy' 
ooetio acid 
oopper sulphate 
corrosive sublimate 
Bodluzn fluoride 
hydrofluoric acid 
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silver nitrate 
zlno sulphate 
load acetate 
hydrochloric aoid 
caustdo soda 

potassium permanganate 

chlorine 

tannin 


In some oases more concentrated solutiona are less aottve than the more dilute j the activity 
pends also on the nature of the solvent used. 
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maau may bo froo fn>m air and non spongy, the beating is onrriod out under prc>HBiiro of 
air or COj at 0 to 8 attnos , superheated Bbonin is used as source of lioat 

Tho mixture used to make boekelite may ooiisist, for oxamplo, of 100 parts of iihenol, 
00 to 120 of conoejitrnted fonnaldohydo and 4 to 12 of oommeroial aqueous ammonia 
Tlio liot mass beooines first liquid and then viboouh, r layer of water separating at the 
surf 000 and afterwards ovapomtuig , tho reaction may bo arrested at tlie A, B or C stage 
Baekolite C has sp gr 1 25, is so liaid that it ennnot be dented by tho finger nail, and 
15 not plofitio even when hot , it resists pressure, sliook and heat, and does not soften oven 
at 300° , at higher tonapemtiiies it oliara, burning with thffioiilby and without flame It Is 
resistant to tho action of moisturo, acids and alkalis, but is attacked slightly by liot eon 
oentrated Biilplinrio or mtno acid It fonns an oxcellont insulator for heat and olootrKjlty, 
and IS readily turned oi sawn When pure it is transparent and pale yellow, but during 
manufacture it may be oolonrod with nlcoholio solutions of am lino dyes It Is aJinuut os 
olnstio os ivory and henoe serves for making billiard balls , it also forma a good subatitnto 
for amber, oolluloicl, goilahth (from casein), etc , for making cigar liolders, umbrella bundles, 
combs, brushes, tooth brushes, buttons, giamophone records, etc Tho moulds arc nuido 
of gloss, copper or highly pnlishod bronze. Alooboho Bolutions of baokobto may bo uhimI 
as vanuahes for wood, metal, dynamo coils, paper, etc , the last being rendered hard ami 
dieloctno (48,000 volts pea mm ) Compressed and hookellsod abrasive powders form vtuy 
liaid gnndstoues 

Vanoufl products, mmilac in ohoraotBr to baokehte, are known. InvoUto, patented by 
Poliak, IS obtained from phono], pai'afomioldoliyde, water and pheiiolsulphnnlo aiiid 
Roflohig (1912) obtajnod sumlar resins by vaiying tho proportions of phenol and formaldu 
Jiyde and using also oresols, and regard all such products as oondouBatioii pi'oduots of 
diphonylmotliono denvativos According to Wohl (1913), however is a polymotiscd 

product of rao thy lone derivatives of fclio form 

Phenol forms plieyioxidea with many inetols (Na, K, Hg, On, etc ) Tho alkali phoiioxidoH, 
when heated witli alkyl locbdos, give c^/ters, e g , ANISOLE, CoHo 0 CHg(Bp gr 0 001 at 
16°, b pt 132°) , PHENETOLE, OgHo 0 CgHg (sp gr 0 0822 at 0°, b pt. 172°) 

These etliors arc neutral, very stable liquids, ajid, as is tho cose with the ooneaixmding 
aliphatic compounds, boil at lower tamporatui'cs tlion the phenols 

They are decomposed only m onorgetio roaotions Por Instance, hydnodlo acid at 140° 
acts on them with formation of meUiyl nodldo, this roootioii scarviiig for tho estiuiatioii of 
mothoxj^ groups m pliGnoho ethers (Ziesol) CgHo OOHo + HI = OH^I + OgHj OH ^ 

EHiDialton of Alkoxy-groupn hy ZciscVh MHitod When tho apparatus (Fig 445) has Iiocn 
found to be air tight, U 2 to 0 J grm of tho siibatauae is introduted. into tholla^, A (30 to 35 c c ), 
50 c 0 of alcoholic silver nitrate (2 grma fused nitrate + 5 o o. wat^ + 45 o o alisolube alcnliol) 



into the two flasks, O, and then 10 o o. of pure hydrio(Jio acid (m gr 17) Into A Tlie latter 
is then attached to the oondensor, through which water at 4(r to 50° ciroolatos , the Oeteder 
bulbs, which are kept at 60° to 00°, oontam water with red phosphorus (0 8 to 0 4 grm ) in 
suspension to retain hydrogen iodide Tho flask, A, is heated m a glycorJae bath until its eon tents 
boil, oarbou dioxide being passed slowly (2 bubbles in. 2 seoonds) through the flo^ Tlie 
onemtlon requires about 16 minutes and is oomploto when the predpitato formed in A separates 
Bluirply from the supemataut clear liquid The total oontenta of the two flasks, C, are 
in a b^BT with 600 o.o of water and oonoenttated to about one half the volume on a water-bath 
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Pkoiiol iiIho furiMH Acid Derivatives, c // , ijlioiiylaiilpburio acid, 0 SOjfl, 'wliioh Ib 

itablo only an Hultn, tluvio boiiig nbUniulilo, for inslriiiiuo, by tlio action of oquooiiB potassium 
)>niaulpliabo on iwt^WHiuiii jJhoiiuxKlo Tlioy aro formcxl in tlio iinno by the piitrofootioii 
)f protoins, and aro cntiruaUKl b^ dotoiininiug the amount of BulpLiiria ooid liboratod in 
lio hot by dilnto hydrooblnrlu aoid Oarbonio and ncotiu acids also form aiioJogouH 
‘oinpountlH 


HALOGEN DERIVATIVES OF PHENOLS TIio Jiydroxyl gi*oup of phenol focilitatos 
ho itiplaeomoiib of tho Jiydrogon atoms of tlio bonzoiie nuoloiiH by Jialogons^ even in tJio 
lold, bronuiio water foiins Trlbromophenol Cbloiinatioii can lie offootod by tlie dirout 
Lcbion of ohloiJiLo or by uiilphuryl ol do ride, whJlo n'])]aoouiont by jodiiio is faoilitntod in 
iJoohohc solution, or in piusenco of moroiuio oxido (wbioh oxidisos tho h^dnodio aold as 
t lu formed), or in an (upioniis alkaline sobilioiL Tho halogen usiuvlly ussuincs tho ortho- 
tr paia-i>08ition wltli rtwpoLt to tho JiydioxyL 

While o- or p ortsol conibinos with only two atuins of bmniuiu, tho aotiun of elilorliio 
11 aulsole, Oglls 0 CH^, at (H)*^ iii presence of a little iodine, yields telra oi even jienia- 
lilmoaniaolc, OCTij Halogen tlenvativos of ])lienolB may also bo obtained by 

ha/otisuig balogoiiatod aimiioplienols 

Tn geiioL'a], tlioy are colomluss orystolbiio coni2)oiindB of ^miigoiit odour and decidedly 
old oharaotoi (InMornphcnnl doooni2>osoa oarboiiatea) , when they aro fused witli potnsh, 
bo lialogon atom gives way to aiiothei liy^droxyl grou^b 'vvluoli, liowevcr, often enters jiartly 
i a position fbrtoi’ont from that oooupied by tho halogen Under tlie further aotioii of 
hloriiio, tn- and ponta-eldoroplioiiols yield mldltivo juridneld, tlio C OH gi'oup being at 
lie same tune oonvorti^d mlo 00 

PHENOLSULPHONIC ACIDS, OH CgHj SO3H, arc obtained by treating phenol 
onoeiitratnd suiphuno aolcl, the 0 and p oouiponiids being formed with equal ease , tho 

IS uonvortod into the oomiiound liy hoatuig with watoi Tlio m compound is obtained 
ndlrootly liy fusiiig ben/x^ne m cbsuliiliomo auld with alkali. 

HOMOLOGUES OF PHENOL (seq Table, p 030 ) Oxidation of the aide oliuuis in those 
3ails to nroniutio liydmxy-aolds. 

Tho Cresols are not oxidised by obroinio ooid mixture, but ore oomplotoly decomposed 
y 2)ormanganato , If, however, the bydroxyJio hydrogen is rexilacod by on alkyl or by 
eotyl, oxidation proceeds xn tlio ortlJiuvry way 

Tho lliroo laomnriu Hydroxytoluenea, UH , OgTI, OH, bear tlio gonorlo naane of creitolH 
’lioy oi'o jirosont m wood-tar and in the middle oils of orthnary tai, and may also bo jiro 
aretl from tho oorrcsjiondlng amiuo derivatives in sulpLonio aeids Tlie cresols react with 
romiuo wator TJio onide cresols mixed wifcli soat) Boliitlon form crealuie and lyaol^ which 


3rvo as ooiivomont aiitiseptios and aro hugely usod.^ 


p-Creaol, 



\ 

/ 


OH, is fonnod 


I tho putrofactinn of 2 >rotoiiiB 

Crude oroHolH eont^n the 0 , m and j^-iBonieiides, wluoh eon not bo easily aoparatod by 
’actional diatilhitiou, tho respootivo bolUng-pointa being 11)1°, 203° and 204° ® 


THYMOL, Cn 3 < 


OH 


OH< 


CHi 

OH, 


, IB found in oil of tliynio and has on antiseptio 


ctloiL One of its lodo-duidvativos, Arlatol, is used ob a aubstituto for lodofonn 


little water and a fow drops of intidn aoid aro then added and tho liquid Iieatocl until the sliver 
Klldo floiHiratus, tills hoiug tlion lilU'rod, driiKl, and weighed in tho usual luonnor VonoiiH 
loiUlloatloim of this motlirxl Imvo boon Hiiggostod for volatilo substancoH and ospoolally for those 
mtalning sulpliur (tlio substaneo Ih hytlrolyflod witli coiieeutratod NaOH and tho iw^uota 
bnorbod afti^r iirnt ^loflabig tlirnugli a U tiilw containing puinlco molstonod ^vltli CubO^ , a 
ineiit of all anil not of UUg is usotl in tills (iiwo) 

^ Creollne Mixtui-cfl of ciitoHoto oil and oonoaiitrated soap solution were used tw 
bdnfectantrt om oaily as 1H74 Croolliie is obfoluod by pmtraotod hoatldg on a water bath 
I a mixture of 1 part of nouoeutrated rosin soap solution with 4. porta of modluin tar-oUa (oreoMte 
Is, best ^vlth b pt 200“ to 210°), tho mixture bouig sttn-od for aovoral hours and allowad to 
and, and tiio wider thou separating removed by decantation. 

« The oomiioneuta may, however, be separated as barium salts Orthooresol serves for 
Loking ooiimarlu perfume and ta-urosol for making ortifioial musk, while p-oresol is the raw 
laterlal for preparing auisaldeUyde, a delicate peTnzme sold os nuhsmue. 

When a mixture of p and m orosols Is troated with flulidiiiryl oliloride, only the m-oreMl 
laots, forming y-cJiloro nircrtifiol, wluoh is an excellent odovrleas dteinfectanit only slightly soluble 
i water, but readily emuLaifled by soap (we Creollne) « It is sold ss lysochlof 
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OH 

CARVACROL, oooura m Onaanum hirtum, and is formed 1 

lu'ul in^ oainphor with iodine or by the aotion of pliosphono aoid on oarvonii (see Tei [wntvi 

anethole, CHgO CqH^ CH CH CHg, is a colonrlesa solid molting at 22°, IhiiIii 
at 2 I r, and liaving tlio ap gr 0 080 at 21 G° , it lina a ploaaiiig odoui and ououra in hn 
till (from the soeda of P^m2)^ndla amsunu or tlio fruits of lUicxum verum or star an wo 
fnnii wluoJi it Is obtained by repeated fraotional distillation or by freezing Synthotioall 
it w ])rcpai'od from onisaldehyd© and sodium propionate by Peikiii’s reaction (we p 002 
itrt i oiiBlitiition being thus proved In the iiuro state It ooeb 2(hf per kilo before the wai 

{h) DIHYDRIC PHENOLS 

Tliobse contain two hydroxyl groups united to the carbon of the benzen 
lUK hum They are analogous in thou cheuiical behavioui to monohydrio ph(uioh 
Hiul jiio prcpaied byamiilai methods, certam of them show marked roducm 
With lead acjotate, pyrooatechol gives a white precipitate, hydn 
<[111110110 m precipitated m presence of ammonia, while resoromol is not preciji 
latinl 

PYROCATECHOL (Catechol), CgH4(OH)3 (1 2), forms oryataJs melting at 104", bodln 
lit 210°3 and subliming , it dissolves readily in water, alcohol, or ether, and rotluuoa ailvi 
kiiHb iti tlio oold and FolilJug's solution lii the hot It is found Jii yaiions roams and 
ohtnliiod by distilling oateohu {MMnoaa catechu ) , it is now proiJai*ed by fusing o phono 
HiilphojiLu acid {see p 643) with cans tie potash It is usually synthoaisod horn t 
hi ojuo- or o-eliloi-o phenol, which is readily obtomod by passing bromine vapour or ohlonii 
into plionol heated at 160° to 170° in a reflux apparatus and purlflod by washing wit 
111 kill L and distiUmg In a vacuum, and is stirred and heated for 8 to 10 hours In an aut< 
olavo at 180° to 260° with about its own weight of oaustio soda dissolved m ono and ha 
tmn H its -weight of water The mass is afterwords dissolved m a httlo water, aoidiflcd wit 
Hulpliuidc aoid, and oxtraotod with ether 

It Ifl uficd as a photographic developer and serves for the preparation of iis dimothj 
I’tiK'i, verntrole, m -irt 22 6°, b -pt. 206° 

ILh olkaluio solution is unstable, and is oolourod first green and then block by th 
the oir , it reduces ailv<3r salts, and by forrio clilondo is coloured green oi vioh 
if a IiCtlo ormnonm is present [aharaclendic reacitaii of ortho-dthydroxy compmi'nda) Wit 
hmnilno watm it gives irxbrcmot eaoroiiiolf wliioh mdta at 118°, is soluble in water, audturii 
hiDwn iu the air 

OH 

Its monomethyl Ether, ^OOHa, is oallod GUAIACOL and ooonrs abundautl 

111 huooli-tar , it is uaod in modioinu as on expootorant. It is obtained by slioking th 
onMwoto oil {fraction boding at 200° to 250°) from the distillation of tlio abovo tar wit 
ammonia, tiuating with olooholio potash, washing -with ether, orysteJUalug the potoHsiui 
oompoiiiid from alcohol, and dooompoBing it with dilute, aulphurlo aoid. It is obtoiiio- 
myntallitio by allowing its light petroleum aolatlon to evaporate slowly Synthetloall 
It U4 iiiopnrod by dlazotlsing o aulsldlne, ooidifyiiig with dilute sulphuno aoid, and diatlUli; 
in Htoani^^ It molts at 20°, boils at 205°, and dlesolvoa in about 60 parts of water at 16° 
It 1 h rcaiUly soluble m other or alcohol With femo ohlorlcle Its aloohollo solution gives 
Idiio coloration, ohonging rapidly to green and then to yellow It yields o ohloroaniaol 
With POI5, oatoohol when fused with alkali, onisolo when distilled with zloo dust, aud vora 
tiolo OIL mothylatiou , it forma an orange red plorate, m. pt. 80° 

(4uniaool is used lu the 83nitheBis of vanillin and is employed in medioine as an expeo 
toiaiit and, espeolally In the form of vanous salts, In the treatment of pulmonary tuber 
milnsls * Before the -waa it cost 10a to 13a per kilo 

RESORCINOL, CgH4(OH)B (1 3), is formed on fusing various reams, suoh os gaXbanuf 
and asafesHdoj with potash, and also from m-phenolaulphonio add 01 m bromobenzene 

^ AooorcUng to (Jer Pat 805,281 aynthetlo gualaool may be obtained by hoatlng oateohe 
nl 1 00° to 180° idth alicoll salts of mothylsulphurlo odd in presenoo of a diluent and slowly addin, 
Hficllum carbonate or bicarbonate. 

OCH, OOH, 

Guaiaool CUbbowaih ( dmial ), ^ 0- ^ ^ m pt. 78° to 84°, is odourlea 


t, I 


i t 



PYRO GALLOL 


C4.') 


HiUphomo aoid , it ifl propftrod indiiatnally froai wt- or /j-beazonodiflulplioiilo aoul (prepared 
from toluol 10 froo boiizoiie) by fuflioii Avdth potasL It forma rhomb lo orynLals inoltiiifi at 
110\ and boila at 270*^ \vit1i partial doooinpoaltioii It tunia brown lu tbo air, la aolublo 
ill water, aloohob and otlior, and allglitly bo m bonzono, and roduooa advoi nitiato It la a 
loss onorgobio dlBinfeotont than oarbolio aolcL 

Wilii nitrous ooid or diozo oompounda it forma dyos and, like all 7n-(Uhydroxybon/onea, 
wltli phthallo Riiliydrido at 200° it yields flaoroBooiiL ]3oforo tho war oomraoroial ruaor 
omol coat 48 to por kilo and tlio pure oompound 208 It la largely naod m dyeing and 
pnnting oottoii 

HYDROQUINTONE (Quinol), C0H4(OH)a (1 4), ifl obtainod by oxidising aniluio in tlio 
cM with Bulphurio and oliromio oolda, or by reduoing quinoiio with aulphurouR odd It 
forms dimorpJious oryatals moiling at 100°, and with ammonia givos a rod dish lirowni 
coloration Oxidising agents oouvort it into quinono. Owing to ita strong roduouig proper 
ties it is used as a pliotograpluo dovelopor 

Tho ohemloally pure oompound oost, boforo the war, 88 por kilo 

OH 


ORCINOL (Dlhydroxytoluene), CH^ 


, doos not form fluoroHuehi with phthnlio 


anhydrldo Its ammouiaoai aoliibion oxidiacs in tho air, giving Orcelne, C00HBtO7N;^ wliiuh 
is tho pniieipal oomponeut of natural archil and is rolatud to litmus 

OH 


HOMOPYROCATECHOL (Homocatechol), ^OH, givos a inonomothyl 

OH 

oLhoi, Creosol, 0H|,<^ ^OGHj 


Tlio unsaturatod derivative, Eugenol, CHa OH CHj^ la tho iirinoipol 

uumpononl (i)0 por ounU) of dove oH, from which it la oxtraotod with oquoons potaali, boiiig 
thou liberated with aold and reotihod in a stroatn of COg It la a liquid boiluig at 247 0° 
and hoa tho sp gr 1 073 at 14° Hot oloohollo potaali displaoua tho doublo linking of 

OGHq 

ougonol, giving Isoeugenol, CHg OH OH^ ^OH, whioh alao Iioa a plonaont, ohai’oo 
toristio odour 


(c) TRIHYDRIC PHENOLS (Trlhydroxybonzonoa) 

Tho confltitutionfl of the three isomeric tribydroxybonzonofl have now boon 
fixed with certainty Pyrogallol, 1.2.3, Hydroxyhydroqulnone, 124 
(a^), and Phloroglucinol, 1 3 * C («) 

PYROGALLOL (1 2 S-Tnhydroxybenzene , also impioporly called Pyro- 
galhc acid), CoH 3 (OII)<„ is prepared by heating gallic amd {seo later) for half an 
hour in an autoclave at 200*^ to 210° witlx 2 to 3 tunes its weight of watei , 
tho solution IS decolorised by boiling with animal charcoal, filtoiod, concen- 
trated, and oryntallised The pyrogallol thus ohtamed is purified by aubhmation 
and than forms Bhining, white, poisonons sooloa oi noodloB, molting at 132° and 
boiling at 210° It may also be prepared by distilling a mixture of 1 poit of 
gallic acid with 2 ports of powder^ punuoo m a current of COg 

It dissolves m 1 *7 part of water or ether, or m 1 part of alcohol In alkabno 
solution it 13 an energetic reduomg agent and absorbs oxygon from tho oir with 
' avidity , it is used in gas anaTysis m all oases m wmoh oxygon is to be 
absorbed (see Qrsat Apparatna, Vol I , p 463) By fresh solutionfl of foirous 
sulphate it is coloured dIuo, by feme chloride brown, and by silver nitrate black, 


and almost tostdeaa. Insoluble in water and soluble in hot aloohol, 
^TuatocoZ PO(0 O1H4 UGHbIb, has m. pt. Q8° 


Potassium guaiacoU)^lrhonaU {IhyocoU)^ 
In oloohoL 




OH, is soluble In water and slightly so 


f 
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It does not reacrt witli hydroxylaniiuo (sec Phloroglucmol) Its dinrn 
etliGi (Dimethyl pyrogallate), OH C 0 H 3 (OGH 3 )a, ifi contamodj along with < 
homologoua ethei's, in beeoh-tar 

It ifl used ]n photography, in electio-plating, m medicine, and in liair dy 
When piuo it cost, before the war, 12s to Us 6 d per kilo 
HYDROXYHYDROQUINONE (1 3 d-Tnhydroxybenzene), CJUOH) 
obtained by fusing hydcoqiunone with caustio soda and has not been 
closely studied It ciystalLses from ether nl plates melting at 140 5°, rei 
undergoes cliango m aqueous solution, and does not react with hydroxyla 
{see Phloroglucinol) 

PHLOROGLUCINOL, CoHgOo, is obtomod by fusing vanous icsins 
KOH Baeyer pieparcd it synthetically by condensing 3 mols of otJiyl s( 
malonate in the hot, 3 mols of alcohol being thus eliminated 


COOOsH^ 


O' 


< 


■H 


■Na 

OOCeHb 


0 

OaHoCOa (Na)d^ "^(Na) GOaGaHs 

II + SGaHs 

0 0 GO 

'^dCOaGaEa 

Na 


on 


aoidi&cation of this product results in tlio substitution of tlio sodium by hydi 
with formation of ^hloroglucinolLncarhoxylic acidt whicli, when fused 
caustic potash, loses its carbethoxy-groups and gives phloroglucinol The h 

pjj pQ 

should, therefore, have the constitution C! 0 <q^ 3 ^^q>CII 2 which contain 

double linking and corrosponds with inhetolimwwthyknG , in accoid with 
structure, it reacts with 3 mols of hydioxylomme, givong a tuoxime 

On the other hand, it bohavea also as a triJhydroxybeiizene or trih) 
phenol, giving a tnacetyl-denvative with acetyl oliloiide, so that it is abl 
exist m two tautomeric formfl 

This explains why, when it is tieat-ed with alcoholic potash or with an f 
iodide, the alkyl groups unite with carbon and not with oxygen (as they w 
witJi a triphenol), giving, e g , hexamothylplilornglucmol 

Pure phloroglucinol cost, before the war, about £10 per kilo 


{d) POLYHYDRIC PHENOLS 


From diaitrorosoroiool is obtained a Tetrahydroxybenzene, (JflH 3 (OTI )4 (12^ 
wliioli bods at 220°, while oiUoraullio aoid (see UUer) is forinod by tlio oxidation o 
diuhloro-donvative 

HEXAHYDROICYBENZENE, Cg(OH)Q, is obtamod as potoHsiiun donvativo, Ogd 
m tho mamifaoturo of potassium by roduotion of ita oarbonato KbCOb + = SCO - 

and 6K + SCO = OgOfiKe These roaotiona ropresent a furtlior example of tho synt 
of organic aubstanoea from morgario matter Hexobydroxybonzoiio la a white, orysU 
Bubatauoo which oxidises readily in tho air and yields benzene when distilled with 
duBb 

Of tho additive produota formed by polyh^'drlo phenols with hydrogen, quero%tol 
i^iosilol may bo mentioned. 

QUERCITOL (Pentahydroxycyolohexane or Acom Sugar) 


OH 



(OH) CH(0H 
(OH) OH(OH 



£1 


Is found m acorns and is aitnilar to manmtol , it has a sweet taste and forma monoc 
prisms melting at 234°, its speoiflo rotation bemg [a]|p » + 24 16° When heated to 
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QUINONliS 

Lii a vacuum or fiiaod wifcli alkali it loses water yielding vanoiiR aroinatie donvaLivca (li^flni- 
pimono, quiiiouo, and pyiiDgallol) , ou roclnotioa with HI, il gives Ikmi/oiio, phenol, pyro- 
^llol, quiuoiio, and Imxaiio. Wliou oxidisod with nitric acid It foiius nuicio and tijliych-oicy- 
^lutonu ooidfl, wlulo with ponuangnimtc it yields inalomo aoid, the pnwonei^ of tlu^ incthyloiio 
^oiip, Ol-Tg, beiug thus ooiitlrmod Ttfnrnin a ponfcaootyl donvativo, an explosive pinta 
nitrate, and a poutoohlorohyilrin, C(H7Clo, inoitiiig at 102*^ , the fnrnmtloii of those ootn- 
louiids demo nitrates tho pii»oiioo of five liydioxyl groups 

INOSITOL (HeiEohydrozycyclohexane oi Muscle Sugar), C0Ha(OH)Q, la siinilai to quer- 
jiLul, but eon tains a CH OH group fn place of tho It has tho appm ranee and, to 

lonio ox tout, the awuot tasto of the Hugain, with wliudi it Avns for long ounhmed That it la a 
jyolohoxaue donvativo w shown by tho formation of phonol, ben/uiio, and tri-iodo])honol 
m reduction with HI, and that of quiuoiie and some of its doLivativoH on troatinont with 
l^lg Tho prosonco of six liydroxyl groups la piovud by tlio f on nation of n h(\at~tirrUUc 
m pt 212") when it is treated with ooetic anhydride and vmo oiilondo, and of a hc,\rT 
ulmle, CflHo(NOi)o (m pt 120"), under tho ootiori of coiicoiitratodsulphimeanil mluoaoidH , 
Jio Jiexamtrabo ia highly oxploalvo and inducoa J^Vhlliig'B suliitlou uptieal laoMioridt^ 

iro known (1) mactivo , (2) doxtro rotatory, [n],, -f- 08 4°, oryatalliaiug with 2Ha() and 
neltmg at 247° , (S) Irovo rotatory, [fz]„ — 05", in pt 247° , (4) raoonno, molting nt 250' 
Rooyer’fl atorooohoimoal oonoeptiona indluato eight iKiaaiblo womondes, aeoordiiig to tho 
irraiigomont of tho OH and H abovo or liolow tho iilaiio of tho lioxagoii Inositol, oa])eoially 
«ho iiiootive fonn, oooura in bcana, loutila, iioas, tlio musulos of tlie hoart, tho luaiii, etc 
riio inactive modification orj^toIbsQa from water with 2HaO at tein2K3ratiinvi below 50', 
ind m an auhydroua form, m -pt. 226°, at higlior tomiioratnroa , it Iniila iniuIiangiHl iii a 
vacuum at 310° and la not formeiitod by yoaata It doea not ooinhiuo wltli pho!ivIhy< I rapine 
)r rtHluGo Folding's aolutiou, but it roduooB ammonlaeal ailvor nitrate solution , it fonna 
i basio lead salt, (CflHiiOolgFb, PbO It does not yield quoroitol when mluLud, so tliat the 
lyilroxyl grouiia oi'o aymmetnoolly distribiitod 

Tho mono methyl otlior of i inositol, or homPtnlnlf is foniul in Horiioo niblier, and tlie 
limothyl etlior, or damlxmilol, Gjiro(OH)i(OCH3)2, ui (labon iiihbor 1'liu monoiuothyl 
ither of d biositol, or pintiolj wliiub ocoura in many plants and plant-jinocsa, melts at 185°, 
lubhmcH at 200°, and has a rotation of -f- 07 5° Tho niononietbyl othei nf I inoaitf)], or 
m^bradiiiol, molLa at 180°, boils at 200° in vaciio and with HI foiina Z-iiiosltol , it oeuiirs 
u quobraolio bark« 


E QUINONES 


Thoao may bo regarded as donvativea of plioliols obttiinud by ohniinatioii 
)f hydroxyl ^oupa, with confloqneut diH2)laconiGiii and paitinl oliinmatioii of iJiu 
louble linkings of the bonzoue luioleua They oio iwimlly yellow und of 
lungent odour and poHSOBS oxidiaiug proportiofl, they luo volatile m Htetuii, 
^th partial decomposition 

Oxidation of meto- and ortho-diphenols does not yield qnmonoM, 


BENZOQUINONE or almply Qulnone, CgHiOg, can bo obtaiiiwl by oxiiliaing elLIiei 
aminoplionolor Bulphoiiillo aoid (1 4 — NHa CJgHi SOgH), oi plioiiolHiiljihonie aeifl, 
V hyclroquinone, or anlLae (on a largo soolo) witli tliroinio aoid 
On aublimatlou it forma fino yellow oryatala wliioh. molt at 110°, giving a chanuiti'riHtlc 
dour It IS soluble m alcohol or other and slightly so lii eold water It ilx(« liydrogon, 
^hich transforma it into liydroquluouo, while tho hologona give a< Id it Ion or siilHitltntlon 
roduota accord ing to tho oondltions. With HCl it fonna monoolilorohydroqiuuono, 
I«H40| + HOI "= CjHgClfOH)^ With amines and with iilionols it forms dyos wliloh 
rystnilise woll but arc only slightly solubla 

With liydroquiuoue it foima a oondonsatlon product, Qulnhydrone, OBH40a OaH4(OH),. 
^hioh oonslsts of green prlsins with a motaUlo lustre, and may bo rogardorl as aji 
itormediate produot In tho oxidation of hydro^uinone or in tho roduotiou of quinono, 


C!< ^ ^ ^>0H 0 0 0H< ^ ^ 


Constitution That gwnone contains two oorbonyl groups is dodnood from the foot that 
dth hydroxylamibe it yields i^uinonfitnonimme and quinonedtoxime 
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It ooutains two double linkages, aiiioo m bonz^o solution it absorbs 
bromine, while ozone la also Gxod qiiontitativoly {aee pp 107 and 350) 


four atoms 


Tlio transformation of hydroqulnoue. 


OH 



into qninone, 


CO 



IS on ovidoi 


example of the convertibility of the oontno form of bonzono into that with two doub 
linkages 

Tetrachloroqulnone {cMoranU), 0 aCl 402 , prepared by oxidising tnohloroplionol wil 
dioliromate and aiilphuxio ooid, serves for the maniifacture of oool tor dyes, Tnliupwion 
OoH^Ob OHg, Tyhguxnone^ ^lymoquinoria, oto , are known, os also are quinonexmxdoa 
OqH^O NH) and qu\riovied\%m%daa [&{/ , OflH 4 (NH)g] 


F NITRO-DERIVATIVES OF AROMATIC HYDROCARBONS 

These are rea<lily obtained by treating the hydrocarbons witli conoontratc 
nitric acid, best in presence of concentrate sulphuric acid, which hxes the watc 
as it 18 formed 

OflHe HNO3 = HgO -|- 0gH5 NO2 

With the hydrocarbons homologous with benzene, mtration is still mor 
easy, but not more than three mtio-groups can be introduced dirootly , tetranitrc 
derivatives are prepared mdirectly Aroinaiio rntro-oompounas cannot b 
obtamed by the action of silvei mtnte on olilorobenzenos, as is the case wit 
those of the fatty senes, but this method serves for the mtroduction of mtre 
groups mto side-ohoinfl 

The mtro-compoundfl ore liquid or solid and usually more or less yellow 
although some are red , they ore heavier than water and dissolvo readily 1 
alcohol, ether, or acetic amd, but ore mostly insoluble in water They dist 
unchanged and aie volatile m steam 

The mtro-group is united very firmly to the nucleus, especially m nionc 
mtiobenzene, and is not directly replaceable It can he reduced to the amine 
QTou'p by means of nascent hydrogen m amd solution^ , reduction in alkalm 
solution results m the formation of azoxy-, azo-, and KydrazO’^mpounds, whils 
in neutral solution or with hydrogen sulphide, the nitro-group becomes 
hydroxylamino-group On electrolytio reduction, mtro-denvatives yiel< 
ammo-phenols 

Polynitrobenzenes are easily obtamed by the action of fuming nitno acid u 
the hot , the meta-derivative is foimed first, and this, by further nitration witl 
nitric and fuming sulphuno acids at 140°, gives symm tnnitrobenzene 

The polynitro-compoundfl react more readily than mononitro-denvativos 
when the former ore oxidised, a phenohe group is formed, while the mtiv 
groi^ remain mte^t 

With parSi- and orthp-dinitrohenzenes, sodium alkomde replaces one uifcro 
group quantitatively, whilst with m-dinitrohenzene no reaction ocours 

OfiH4^(NOa)a + ONa = NaNOa + NO^ OflH^ 

^ The mtiTogon of aromatio derlvatlvefl in whioh the nltro group Is united direotly to 
benzene nuoleoB nuiy be detenxuzied by the KJeldohl method only when la suitably modiflei 
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NITROBENZENE 640 

By boilmg o-duutiobeuzeuo with, caustic soda, o-nitrophenol is formed 
JNOa OH 

^NOa + NaOH = NaNOj + 

while boiling with alcoholic aramoma yields o-mtianiluie 

_NOa ^NHa 

^NOa H- NHa = HNOa + ^NOj 

NITROBENZENE, C0H5 NOg, ifl an abnoat ooloui’lesa, faintly j'-ollow, rofrao- 
tivo liquid which haa the sp gr 1 209 at 15° and, after solidifioaiion, molts at 3° 
and boils at 200° Owmg to its plcoaant bittci -almond smell, it is used in 
pei-fumory imder the name of artificial mcnce of mtibane^ bub its vapoui is some- 
what poiflonouH It ifl insoluble m water, but it mixes in all proportions with 
alcohol, ether, or benzene 

It IS of considerable industiial impoitance, as it foraia tlio raw material lor the 
manufacture of anilmc, henzidmo, qumolme, assobenzene, various explosives, etc 

On a large scale it is prepaied in wrought- 01 cast-iron vessels, employmg 
precautions and methods similar to those used m making nitioglyoenne {see 
p 278) The mtro-sulphurio mixture, oonaistmff of 120 Inlos of HNO3 (42° B6) 
and kilos of H2SO4 (GG°B6 ), is poured gradually (in 8 hours) into 100 kilos 
of benzene The mass is kept mixed by means of a stmei, and during the first 
5 to 6 hours is mointamed at 25° by means of cold water circulatmg outside 
the apparatus In the final phase of the reaction tlie teniperatuie is laiscd by 
external steam to 70° to 90°, the heatmg being then stopped, while the stirrmg 
IS continued for a further 6 hours The muss is then forced by a siutable elevator 
mto a tank with a corneal base The acid mixture gradually settles to the 
bottom, while the mtrobeiizene fioats , the fonnor is then drawn ofE through 
taps {see Nitroglyoonne), and the nitrobenzene, after icpeated washing with 
water, distilled m a ouiient of steam from a vessel with a jacketed bottom heated 
with steam at 2 to 3 atmos pressuro A second distillation yields model ately 
piue nitrol^enzene Aocording to Ger Pat 221,787 of 1907, mtrobonzene con 
also be obtained by running benzene mto a mixture of sulphuric acid and 
sodium nitrate at 70° to 90° It was sold at £30 to £52 pei ton before the war 

DINITRO BENZENES By the action of fuming nitrio aold or of a suitable uitro 
auJphuno mlxturo on benzono, ni-dinltroboiizono is formed along with am alt proportions 
of the ortho and para-oompounds The mota dorlvativo arystalliHes from alcohol lu polo 
yellow rhombic plates, m pt 00°, b -pt. 2t)7°, and is Ineohiblo in water, but readily soluble 
m aJoohol or ether 

Its beat of oombufition is 4103 oals per grm When boilod wltli sodium hydroxide It is 
converted into 7n^d%n%iroazoxyh6nzens, NO^ CgHi NO N OjH 4 NOg It is oftou mixed 
with other explosives, B-g , trimtrotoluono, to lower tho moltiug-polnt. It Is used on a 
large scale, not only for explosives, but for making dyes and 9/1 pheuylonediammo and 
m nltr&niUno. 

The ortho- and para isomerldoB, mdtlng at 117^ and 172° respootlvoly, 01*6 not of Indus 
tnal impoitonoe, and arc obtained either from the mother liquors of the meto-oompound 
or, indlrootly, from the oojTeexx}nding dinitroamllnes. 

TRlNITRO BENZENES, CgH 3 (NO£)a The throe possible isomeiddoe ore known* The 
symmetrical, 13 6 compound, la obtained by protracted heating of fTi-dinitrobonzeue 
with a conoentrated mixture of nitrio and sulphuno ooids The asymmetrlo, 1 2 : 4-oom- 
pound, m -pt 02°, is formed similarly from p-dinltrobenzeiie. The vloinal, 12 3 com- 
pound, m.-pt 127 6°, was obtained by KGmer and Oontardi only In 1014 by dioKotislng 
2 6-dlnitroanlllne 

a Tfinitrobenzene, m -pt 121° to 122*’, dlsaolves sparingly in water, to a somewhat 
greater extent in methyl or ethyl alcohol, and readily in acetone, ether 01 benzene. Its 
explosive properties ore superior to those of trinitrotoluene or piorio acid, the equation 
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C,H(CH,XC*H,)fNfOj)j Tnnitro-tfflii. butyltdaene 









NITROTOLUENES 651 

proHeuting tJio fcliooroCioal decomposition being 2(^QHa(NOe)y = OCO + SllaO + SNg -f 3C 
roadUy forma additive oonipounds with, orguiiio bnsoH niid iiydrooarboiia. 

With a viow to tiio use of this uompouiid os an explosive, attein2)tH have Ixscii made, 
it with uiiaatiafootory ruaults, to prepare it uitlior by nitrating dinitroboiuoao, or doholo- 
natiiig olilorodiiiitrobeuzone by muaiis of rediieod ooppor, or by oxidising tnmtrotoliiejio 
c later) witli sulphuric and ohromlo acids (Ger Pat 127,325} and decompoamg the resultant 
lutrobenzoio ooid by heat. 

NITROTOLUENES 

Nitration of toluene by nitno aoid either alone or mixed witli sulpliimo aoid, under 
iditlouH yielding mononitrotoluonos, gives always a niixturo ooataiumg about 67, 40 
i 3 pei cent of the o ,p- and m- compounds respectively rurbher mtration of m nltro- 
ueno yields the 2 3,34 and 3 6 dimbro compounds , tlio 3 5 ooinpouud, whou 
tamed othorwlse, docs not givo tniiitrotoluGues wJion fiuther nlbmted 
Direct mtratiou of toluene or mono or di-nitrotoluonos yields only 2 4 0 (ti), 2 3 4- 
I, and 2 4 6- (y) trinitrotolueiioa, buttheothoi tliroelsomondes, 3 4 6- (S), 2 3 6- («) 
1 2 3 0- (77), have been recently prepared Jndirootly by Komer and ContoixU (1014- 
17) Tetra and ponta uitrotoluuiios are unknowiu 

MONONITROTOLUENES The three isoniondos may bo sopoiatod to some extent by 
ctioiiol distillation aud orystalllsablou 

o-NItrotoluene is obtained pure by reducing 2 , 4-diaitrotoluGno by moans of ammonium 
pliide, diazotismg the 2-iutro 4 toluidiue formed and decomposing the cllozo comiiound 
.h boiling aloohoL It exists in two morphotroiuo foims, solidifying at — 10“ and — 4“, 
I is used for making 0 nitroolilorobeuzil, 0 nitrabonzaidohydo, o hydrazotoluouo and 
Qiuidme vi-I^%Lrolohtene is obtained simllaiiy from tiio diazo ooinpouiid deiived from 
litre 4-toluidino, and oaonrB m the hqmd portion of the dinitiotoliioue 2)ropai‘od indua 
dly lu the manufacture of tnmlrotoluono , it has few pi'actlool a2ipboations. p^Ntlro 
lene serves for making p nitro and ^ amino bonzaldoJiydo and, OB2x>Qially, p nitro- 
uono o Bulphomo acid, which is used in tho monufactiiro of amhio A fast yellow and 
^odo orange 4R« With alcohoho sodium hydroxide it gives on orange coloration of 
itroazostllbeno (Qinen) or dinitroozoxyatilbeno (Glua) 

DINITROTOLUENES, C5Ho(CHa)(NOfl)a, exist In six isomorlo forms, which ai-o prepared 
I named m various ways. Denoting tho methyl group by M (always in posltiou 1) and 
nitro-group by N, tho iBomondee have tho following ooiifigurations 


M M M 



N 

»ip(IinltrotolMuiin }>-dlnltroto]u(mo o m (lltiltrotoluono 

oitlliiary dliiltrotolnono «-]CHllnltrobolii(uia 1 2 'l-dliiltrutoluuiio 

0 p-dlntUnLoluoim 2 B-Uhiltrotnlnatio m pt 0,1“ 

A ilinltrotoluano ni i>4>, G£ 0“ 

2 4-(llnltiotuIiiotio 
m-irt 70 5“ 


M M M 



N 


0 . o-dlnltrotoliionn m m-dlnlbrotoluona in iMUulfantoluoiui 

Mtnltrotolnoiio 8 dlnttrotoliiDno y-nJultiDtolusno 

B Q-dlnltrotolueno 8 S-dJnJtrotoluono 3 d-^Jlrotolnono 

JH -pt. 55 5“ m -pt. 02“ HL-pb, O0“ 

Of the various names, the lost given in each case is tho simplest and clearest. 

2 4 Dlnitrotoluene is prepared similaTly to nitrobomene and la the one m most common 
istnal use, while it serves also for making ordinary (2 4 6) trimtrotoluona It is 
fied by orystaUiaation from alcohol or carbon disulphide and fornis monoolinio oryatola 
dng at 70 6“ , it is insoluble in water, slightly soluble m oold aloohol or ether, still lees 
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80 in oarbou djflulphide (2 2 per oonfc ), and readily soluble ja benzene. It dissolves in 
fti kfl b , giving n red solution, from which acids preolplfcato a reddish brown ffubatonoe. In 
acetone solution it is coloured blue by caustic potash It decomposes at 300°, but distjlp 
unchanged in a vacuum Fuming mtno acid oxidises it slowly, and in the hot gives the 
corresponding o p diniirobemoio ocad, C0H3(COgH){NOg)2 With hot, oonoentrated mtro 
Bulphuno nuxturo, it forms ordinary tnintrotoluene (ace below) Ammonium sulphide 
reduooe it m the cold to o ntU o p~tolmdine (ni pt 106°), while m tho hot, p-niiro o 
loluxdvne (m pt 78°) is also formed By zmo and hydroohJono acid it is reduced tc 
iolyUiiediamvne 

2 6 Dlnltro toluene is obtamod along with the 2 4-isomeride and ocouiniLlates In tl Ui 
mothar-hquora, when mononitrotoluene (ortho) is nitrated further It is prepared in the 
pure state by ehinlnating tho ammo-group from dinitro p toluidiue (m -pt 108°) It forme 
ahining needes, m pt 65 6°, dissolves to some extent m alcohol, and with ammomum 
sulphide gives o nitro o-toluidme. With acetone and alhali it gives no coloration 

2 3-Dliiitrotoluene is obtained by hoatiug o m dmibro^ tolmo acid with dilute hydro 
ohlono acid for 6 hours at 265° and dist^ding in a current of steam, the crystals formed 
bemg pressed or oentnfugod , it sepoiates hum light petroleum solution in yellow oiystals, 
m pt. 03° 

2 5-D£nltrotoluene is obtained together with tho 2 4rderlvatlve when toluene oi 
mtrotolueno is run into fuming mtrio acid , it arystoUises from alcohol in yellow needles, 
m pt 62 5° Alcoholic ammomum sidplildo reduces it to o nitro-m-toluidlne. 

3 O-Dhutrotoluene is fprmed by eliminating the amino group by diazotisatiou (set 
Aniline) from dinltro o toluidme (nu-pt 208°) or from m Tw-dinitro-ji toluidme (m pt 
108°) From water, in which It is sparingly soluble, it orystoUisefl m needles, m pt, 02° It 
IB soluble slightly In light petroleum, more so in cold alcohol or in carbon disulphide, and 
readily m chloroform, ether, or benzene. It distils easily in a ourrent of steam, and with 
benzene forms the orystaJline double compound, 0 bHj( 0H3)(N0 j), + CaHj 

3 4-Diiiltrotoluene is obtained by in'otraoted agitation of m nitrotoiueno with oonoou 
trated mtrio acid (sp gr 1 54) From oorbon disulphide (which dissolves 2 10 per cent.), 
it orystalliBea m long needles melting at 60° 

TRINITROTOLUENES The following six isotnorldes ore possible, all bemg known 


M 


M 

M 



l^^iN 


\/ 


U" 


N 


N 

N 

(2 4 a-)tflnltroto]tioiiG 

P*(fi 

3 4-)IXl[lllXOtQllUUlQ 

7 -(a 4 5-)t£lultnjtoIiiono 

nuln at BO 0^ 


m pt iia® 

m. pt. 104“ 

M 



M 

/X 


Xi" 

N|'^|N 

N 

N 



0-)fTlnItrotoIuouo 2 

-pt 137 O'- 

3 D trliUtrotoluono 

ir<(2 y 0-)fcrloltiotoliKiiio 

m pt 07 2® 

in. pt 111“ 


a TRINITROTOLUENE (ordxnary or 2 4 6 Trinitrotoluene) forms long, pale yellow 
prismatic crystals, m pt 80 66° (corrected), deflagrating above 260° but dlstUlmg im 
changed In a vacuum A pressure of 2500 atmoa Increaaee the density of the oiystallJm 
mass to 1 60, whereas a pressure of 3 to 4 atmos on the material during oiystalUaatlon 
combined wi^ shakiag, gives a density of 1 61 

This compound is slightly soluble m water or light pe^^oleum, more so in alcohol o 
carbon disulphide, and readily so in acetone, ether, benzene, toluene or chloroform. Th< 
action of sunlight and oir turns it brown and lowers its melting-point. By oonoentratec 
mtrio add at 1 10°, or concentrated sulphuric odd and ohiomlo acid at 60° to 00°, It is tume( 
into 8 tnnitrobenzoio acid, whilst fuming mtno acid at 200° converts it into trinitrobenzene 
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With oaustio alkali, alkali uorbouato or potassium oyaiucle it gives a cleop reddish brown or 
violet coloration 

With vanons organic bases it forms rod additive compounds 

When aniline is poured into an alooholio solution of trliutrotoluono, a double oompoiuid 
CoHa(CH 3 )(NOB )3 4- OflHB NHj, aoparatos in rod ooioulor oryatols moltmg at 84® Whilst 
picric acid readily forms with ni||^talB plcrates dangerous to handle, tnnltro toluene (ass 
p 304) does not react with, metals nnd can bo mampnlatod safely oven m the hot, ainoe it 
bums slowly without exploding, it is not Jiygroaooplo and does not form a bitter and 
poisonous dust hke piorio aoid It is highly stable to shook, and when coinprossod is exploded 
with a mercury fulminate cap, but whon fused and then solidified it is oxidoded only by 
a detonator of moderately oompreesod, crystallino trimlrotohioiio, which in its turn is ox 
plodod by a fulinlnato cap Tlio velocity of detonation in a charge 50 mm m diameter and 
with a density of 1 55 is 7500 metres (piono acid, 8000 moti'os) per boo 

The theoretical decomposition is oxproBsed by 20oHj{nHa)(NOu)g = 1200 -h 2 Ctr 4 
+ Hg 4- 1 kdo giving 778 htros of gases, wliioh arc incomplotoly burnt owing to lock 

of oxygen- If the gases formed are free from methane (flce Note, p 260), tlio equation 
would be rather, 20,11 afNOals = 1200 4- OHa 4" SNg + 20 

The use of tnnitrotoluene ns an explosive vraa aiiggoBtod in 1801, and attempts wore 
mode to oompensato the doHoienoy of oxygon by addition of ammonium nitrate, but it 
has been largely used, mainly as a result of Biohera luvesbigatioua, only sinoo 1004, and 
in the orystalllno state it now forms a very important military explosive. In the coin 
pressed or solidified state it is used for charging pmjoatllos, grouados, etc (It does not sorV'O 
for propdliug projectiles, owing to its aiiattoring power and to tlio abuiidanoo of fames it 
forms on explosion) Different firms produoo it under vanons names {trotyl, trohte, tnliU, 
innol, intole) 

Industrially it is mode by nitration of mono- or di-ultrofcoliiono, and its purity is ohcokod 
by determination of its melting-point During the Exu*opoan War it was mauufaotiired In 
enormous quantities in the various combatant ooautrlos 

For some time a plostio product ooUed plasirotyl (Biohol, 1906) was proporod from 
trinitrotoluene, reeiu, collodioti cotton, and omdo liquid dlnlbrotolnono, but tills is no 
longer monufootured. 

)3-TRINITROTOLUEKH or 2 3 4-Trlnltrotoluene is formed m small proportion with 
a largo proportion of the y isomerido (see hekrw) when m-mtrotolueao is boiled for a day with 
nitno and sulphuno ooids, and may bo obtQinod also by nitrating 2 8- or 3 4-(bnltm 
toluene. With hot alooholio ommoma it gives diniirotdluidinB, m -pt 04° 

y-TRlNITROTOLUENE or 2 4 6-Trlnltrotoluene is formed witli tlio /^-isomcride (see 
above), from whioh it con be separated m virtue of its slight solubility in alooliol or oarlion 
disulphide It fonns yoUowish, shining oiyatals, molting at 104® Its pliyslool and oliomloal 
properties are similar to tlioao of its isomoridos 

The S-, c- and T;-oouipoanfla also exhibit sinular properties 

0 NITROCHLORO BENZENE (m -pt. 32 6°, b -pt 246°) and jj NITROCHLOROBEN- 
ZENE (m pt. 83°, b -pt. 280°), are obtained together by nitration of ohloroboii?'ouo 
ohlorino atom in those oonipounds is very mobile and is readily roplaoed by OTT, OCFTa, 
NHg or NHOqHb The mota isomoride, m -pt. 44 4°, b pt. 286 0°, la of lesa iinporbanuo. 
All ore very poisonous 

2 4 DINITROCHLOROBENZENE is on important prodiiot, being used in making 
dlnitrophenol, and henoo Sulphur Black T, dlnltroanllino, picric acid, nltroamlnophonol, 
and di , tetra, and hoxa nltrodiphenylammea It may be obtauiod m almost tlieoretlool 
yield by suitable nitration of chlorobenzene 

It forms rhombio orystals, sp gr 1 607, m -pt 61°, b pt 315° (shghb decomposition), 
and is a poisonous product with an irritating aolion on the skin, this being ai)pai*Dnlly due 
to the presence of the 2 6 isomeride. 

TRINITROtert BUTYLXYXENE has ail odour of musk and is used os a perfume. 

PHHNYLNITROMETHANE, CqHq CHg NOq, contains the nitro group in the Bide- 
ohom, as is shown by its method of preparation 

ObHb OHga 4- AgNOa = AgCa + OflKfl OHg NOg 
Beniy] clilorldo 

It is obtained also by heating toluene with nitric ooid (sp gr 1 12) under pressure. 
This compound exists m two iaom^^irlo (or tautomeric) forma, one being known as a pe^udo^ 
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acid (1) CgHj GHa NOj and (2) CaHg OH NO OH (pseudo ocad) , the former doc 
not roaot with femo olilonde, while the latter gives a ooloratiom ModiAoation (1) la 
liquid, and its aqueous solution gives, witli sodium olkozido, the sodium salt of the psoudc 
ooid , when the acid is liberated by niefuis of a mineral ooid it forms a oryetalliiio prodnol 
which has the same oomposition as the original oompound and gradually ohangoa int 
this, beooming liquid The presenoe of a hydroxyl group in the psendo>aoid is demoiistratot 
by the formation of the ohoraotensLic dibeTizhydroxamic (or dibenzoylhydroxomio) ooid b 
treatment with benzoyl chloride 

CflHj CH NO ONa-hCflHa CO Cl = Noa + CaHa CH NO 0 GO CeH^ 

CflHs CO NH 0 CO OaHg 

DlbenzhyilroXAinlQ add 

That these isomtro compounds contain hydroxyl is shown also by the foot that the^ 
react in the ooid with phenyl Isocyanate, while the nitro oompounda do not. 

NOfl 

Similar behaviour is shown by m Nitrophenylnltromethane, ^ ^ , Lhi 

CHa NOg 

passage from the yellow pseudo acid to the ooloiirloss nitro-oompound is clearly shown bj 
the change both in oolour and m eleotnool conductivity, which very high for the pseudo 
acid (os for amds m general) and almost zero for the normal mtro-oompound, into whiol 
it as gradually converted 

These nitro derivativea of tho side chain can hence yield metoJlio denvativos— of th( 
pBoudo-aoids , treatment of these derivatives with acid yields the normal form, and th( 
latter in presenoe of olkah is only alovUy neutralised, this beiug oharaotenstio of the paeiidc 
acida 

In benzene solution the true acids combine rapidly with ammonia, forming insoluble 
ammonium salts, while pseudo acids oombiue only slowly or not at all with ammoma. 

G AMINO-DERIVATIVES OF AROMATIC HYDROCARBONS 

When the hydrogen atoms of benzene ore replaced by ammo-ffroups or tlie 
hydrogen of ammonia or of a pninoiy aliphatic amine by phen^ groups, the 
reflultmg products are mono-, dir, or tn-amines m the first case and secoTidary 
and iertmi'y amvnos in the second 

Some of the aromatic amines are sirailar to but weaker than the ahphatio 
bases, the phenyl group being somewhat negative in character compared witli 
the positive alkyl groups 

Aromatic a mmea form salts with aoida and double salts with platmum 
chloride In contact with the vapours of volatile inorganic acids they form 
white fumes m the air m the same way as ammonia , they distil undeoomposed 
The diamines are moie highly basic than the monarmnes 

Isomendes of the ammes are formed when the ammo group enters side-ohoms 

1 PRIMARY MONAMINES 

Primary, secondary, and tertiaiy aromatic monamines are distmguished by the 
same reactions as are used for aliphatic aimnea (by mtrous acid, etc , see p 240) 

FORMATION (a) Mono-, di-ammes, etc , are usually obtamed by reducing 
the nitro-deiivatives with tin or Btannoua chloride and hydrochloric acid, or 
with mon and acetic acid, or with ammonium sulphide, etc 0 «Hb NO^ + 611 = 
2 H 2 O + C 0 H 5 NHa The reduction may also be effected electrolytically {see 
later, diazo-oompounds) In the electrolytic reduction of orgamc compounds m 
an acid medium, electrodes of lead contammg a small proportion of copper 
are mostly used m place of pure lead electrodes, the reaultmg products bemg then 
purer (Got Pat 262,769, 1911) 

(i) By heating phenols (or, better, nitrophenols or naphthola) with ammo- 
macol zmo chloride at 300°, primary ammea arc readily obtamed with small 
proportions of secondary amines OoHj OH + NHg — HaO + C^Hh NHa 

(^) By heating secondary and tertiary bases (substituted ar^ea) with 
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concentrated hydrooMonc acid at 180 °, CgHs N(CHo)g + 2 H 01 = CjHg NHg -j- 
2CHaCl , at higher temperatures the alkyl chloride reacts with the nucleus, 
giving homologous amines higher than the original one CgRe NHg -|- CH3CI = 
0eH4(CHg) NH,, HCl In the same way, tnmethylphenylammomuin iodide 
yields mesidine hydnodido, CflH2(GH3)s feg, HI (the methyl groups of the 
nucleus never assume the meto-position) 

PROPERTIES The pnmary raonommea are hqmd or solid and turn brown 
in the air With acids they form crystalline salts soluble m water, but with 
carbonic acid they do not give salts, so that they may be bberated from their 
salts by means of sodium carbonate With platmum chlonde they form double 
salts (platimohlondes), e g (CgH 5 NH^, HCl)^, PtCl*, which are only shghtly 
soluble and serve for the separation of these bases 

With meiiyl iodide they form secondary, tertiary, and quaternaiy com- 
pounds CgHj NH CHg, m OflHg N(CH3)a, IH -> CgHg N(0H3)aI , the 
base cBu easily be sepai ated from the acid by caustic soda 

Benzaldehyde reacts with anilme, formmg bemaylideneonilme OgHg OHO -1- 
CgHj NHj = HgO 4- OgHg CH N OgHj, while acetaldehyde gives ethylideno- 
diphenyldiammo 

2CgH3 NH2-I-CH3 CH 0 = H30-f W JJh^CH CHg 

The action of the organic acidfl on amines gives acianihdeSj which ore decom- 
posable by alkali 

CflHs ISTEa + OHa COOH = HaO + CqHb NH 

AootamlHdo 

When heated with chloroform and alcoholic potash, the primary aimiiea 
form laomtnles {(XLrbylamw.es) , which have most unpleasant odours With 
carbon disulphide they give tMoureas, which with P2O6 mustard oils of the 
aromatic sonea 

With nitrous ooid (oi nitrites) m acid solution, arnmea yield diazo- or 
dtazoa7mno-(xmpoundSt these giving phenols when boiled with water Whore 
the ammo-group is m the side-cham, no diazo-derivative is formed 
Aniline, seeder 


2 SECONDARY MONAMINHS 

These are basic m chaiaoter, not when they are purely aromatic compounds, 
but only when they contain also ahphatio radicals These mixed denvatives 
are obtained from primary arames by treatment with methyl iodide and, if 
the aoetylated primary base is employed, the simultaneous formation of tertiary 
base is avoided C„Hb NH COOH3 + €^^1 = HI + N(OH3)(COOHa) . 
the acetyl group may be removed by subsequent hydrolysis 

The secondary bases may be separated from the tertiary by means of 
nitrous aoid (potassium nitnto), with which the former yield niiiosamwes 
OqHb NH Clig + NO OH = HgO + CqHb N(N 0 ) • QHa» ’’^hioh are ueutial 
oompoimds, insoluble m water When these mtrosammes ore heated with 
hydrochloric acid (alcohobo), the NO grouppasaes mto the benzene nucleus 
OoHb N(N 0 ) OH3 gives OflHiCNO) NH CHj 

Pure Eiromatio secondary monammea are obtamed by heatmg the pnmary 
bases with the corresponding hydrochlorides 

CbHb NHa + CflHs NH^, HOI = (CoH3)8NH + NH^Ol 

8 TERTIARY MONAMINES 

These are formed by alkylating pnmary or secondary bases 
Tnphenylamme is obtained from bromobenzene by the action of dipotaasio- 
amhne 20 eH^Br -f O^g NKa = 2 KBr + (O0Hg)gN 

The purely aromatic tertiaiy ipouainmes are not basic in character, and 
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hence do not form salts They do not give isomtriles with cliloroforin, or 
mustard oils with OSg 

With alkyl iodides they form quaternary compounds When they aro treated 
with nitrous acid, tlie IsTO group enters the benzene nucleus, tins reaction 
distinguishing these bases from the tertiary bases of the fatty senes 

4 QUATERNARY BASES 

These are analogous to the corresponding ahphatic oompoimds Trimethyl- 
phenylammonlum hydroxide, CgHg N(CH3)nOH, for exoanple, is strongly 
alkaline, colourless, and bitter, and is decomposed on lieatmg 


C DIAMINES, TRIAMINES, TETRAMINES, ETC 


These are obtamed by reducing the corresponding niti’oammo- or polynitro- 
derivatives , thus tetraminobenzene is foiined fioni dmitro-m-diaminobenzene 
The polyammes give various reactions with nitroso-compounds of tertiary 
ammes, with certain azo-dyes, oto 

The diamines and polyommoa are solid substances, whicli distil undeoom- 
posed and are soluble m hot water They are colourless, but turn brown m the 
air with a rapichty mcieasmg with the number of ammo-gioups , they give 
cliaraoteristio coloiations with ferric chloride 

The ORTHODIAMINES form Anhydro-bases or Benzlminazoles, e g , 



Further, aldehydes react with tho hyclrocblondos of 


diammes, forming Anhydro-bases or Aldehydo-boses 

Glyoxal yields Quinoxaline, etc , while mtious acid gives Azimino-com- 

/NH. 

pounds, eg^ Aziminobenzene {mnnoazophmylene)^ yN 

^ N ^ 


w-DIAMINES give, with nitrous acid, yellowish brown ooloiumg-matters 
{Biamarck brown sensitive reaction) With diazobonzene chlondo they ^leld 
azo-dyes (chrysoidine) When oxidised together with jii-dianimoB, they give a 
blue colour which becomes red on boilmg 

p-DIAMINES, when oxidised witli MnOg -|- H2SO4, yield qiimono, CoH^Og, 
and a homologue with a peoidiar odoui , some of thorn give oolouring-mattora 
when treated with solutions of hydrogen sulphide and ferric chloride 

ANILINE (Aminobenzene, Phenylanune), Ogllg Nllg ^ 


Industrially ib is proporod by treating nltrobouzono with nascent hydrogen produeod 
by the action of hydroohlono sold on iron dlingu or, bettor, turnings, os was proposed in 
1864 by B4ohamp, who drat used acetio aoid in plooo of hydi*oohlorlo . 

CoHb no, + OHa 4 - 3Fo « CgHa NH, + SFoCl, + 2H,0 

The quantity of HCl oonaumod is, however, only one fortieth of the tlioorotloal amount, 
BO that after a oertam point the I'eduotlon is perhaps oontlnuod by tJie notion of the iron 
on water in presence of foiTOus olilonde 2Fe + O^Hb NO, + 411,0 ^ 2P6(0H)8 + 
0||Hb NH, The apparatus for manufacturing oiuhno oonsiata of a oast iron cylinder, A 
446), the lower half of whloh is fumiahed with a dlsolioigo tap and is roploceablo, os 
it corrodes rapidly , it Is provided with a cover, through whloh pass a vertloal stirrer, 


^ Aniline was diaoorered in 1826 by Unvei'dorben among the products of the dry diBbiUatlon 
of indigo and waa ooUed cryalaiUn^, ^oa with aolds lb readily formed orysbalUna masses It 
was then found also by Bunge In 1834 in oool-tar, and he named it kyanol or hlue oil, since with 
KypochlorLte it gave a blue coloration and Its salts a violet coloratdon 

Li 1841 Frltsohe obtained it by distilling indigo with potash, and he termed It, after the 
native name of the plant, ** and,'* antUna In 1842 Zinin gave the name benzidam to the product 
Dbtaioed by rednolng nitrobenzene with ammonium sulphide. The Ideniity of these tsjIous 
substances and their true oonstltafcion was proved by Hofmann in 1843. 
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worked by toothed wheels, and a direct eteain ooil The cover la also fitted with a refln 
ooudenaer, NOQt and a hopper, with a wooden plug for the introduction of tho iro 
tumingB, A tube fixed laterally to the lower part of the reflux oondenaor oarnos off tb 
aniline distilling with the steam to a condensing coil, 0^ and a rcceivor, R Tho operatio 
IS corned out os follows 300 htrea of water, 180 kilos of iion turnings, and 60 kilos of ooi 
oentrated hydroohlono oold ore kept stirred in the oyluidor while 760 kilos of nitrobenzoL 
ore introduced. The reaction is started by a jot of direct steam, and is afterwards man 
tamed by gradually adding moist iron turnings up to a total quantity of 060 kilos , thet 
additions ore made over a period of 6 to 7 hours aud are oii'angod so that the maf 
IS kept hot (90° to 06°), but the reaction is allowed to calm down before fresli iron is mtre 
duoed If the reaction bocomes violent, benzene and ammonia 01*0 formed instead of arulinc 
A further quantity of 100 to 150 kilos of iron turnings is added. Tho iiLtrobciizene ovaporai 
mg with the water is condensed m the reflux oondousor At tho end of tho oporntio 
the veesol oontams anihue, anihne hydroohlondo, feme oxide and o and p-toluicbne< 
together with a httle unaltered mtrobenzeno and some iminmtioa such as arobenzono, ot< 
Thick milk of lime is then added until the reootion is strongly olkalmo, and tho inass dv 



Fig 440 


tilled with superheated direct steam Tho distillate ooudonsod In R Roparatos uito tw< 
layers, the lower one of aniliuo and the upper one of water containing 2 to 3 per cent 0 
anihno m ausponBion or solution , this lower layer is used in tho roduction of aubsequon 
quantities of nitrobenzene, Tho decanted aniline is purified by distillation tn mcruo fron 
on iron stilL Tho decomposition of the aulbno hydrochloride by milk of Hmo takes plao< 
oooordlug to tho equation 

20 flH 5 NHa, HCl + C^0 H)b = CaOl, -h 2H,0 + 208Ha NHa 

It has also been proposed (Qor Pat 184,809) to reduce nitrobenzene by means o 
sodium bisulphite m tho hot 

At one time the mtrobenzene employed was obtained from crude 00 per cent, bonzen* 
oontammg toluene, the resultant product being a mixture of anihne and toluidme, whlol 
served well for tho preparation of certam dyes, but nowadays it is regarded as prrferabli 
to start from pure benzene and pure toluene separately and to mix the anillno and toluidim 
subsequently in the required proportions. 

Anihne eon also be obtained by other proooaaea which have not yet been applied or 
a largo scale, e,g , by passing a mixture of nitrobenzene vapour with excess of hydroger 
(or water-gas) over reduced oopper turnings heated to 300° to 400° , the copper acta ai 
a catalyst and remains unchanged (Ger Pat. 139,467) Some imt)ortanoe is now beinf 
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Hflauined by the eleotrolytio proooss, aooordlng to vhioh nitro-donvatlvoa can be oonvertod 
into armno-derivatlvea in pr(sonoo of niotallio Boltn {e,g , copper salts), whioh oIro nopainto 
at tlio oathodo (sec Diozo compounds) 

Kunz’s process, based on reduction of nitrobonzoao by moans of sodiuin bisulphido^ 
TglEBNOa + NoaSfl + H^O = CoHsNHa + NoaPsOg, gives a good yield and allows of the 
separation of pure Bodium tbiosulpiiate by ooncoutration of tlie residual aqueous 
solution 

Aniline Is a bquid winch boils at 184 4° (02'^ at 33 inin pressure), has the sp gr 1 020 
at 10®, and solidifies at — 0 8® (or — 20° if impure) It is colourless and rofraotivo (rofrao- 
tivo index, 1 686 at 20°), but beaoines brown in tlio air at a rate inoroosmg with the pro 
portion of impurities present. It is soluble in alcohol, otlier, bonzono, fatty oils and, to a 
slight extent (3 per cent , whilst anihiie dissolves 6 per ooiit of water) m water, and it 
dissolves sulphur (m the hot), phosphorus, oamphor, indigo, a little water (in the hot), etc , 
it IS readily oxidisable. It distils easily and oomplotcly in steam, and its vaopur is some- 
what poisonous ^ and combustible As a base it is weaker than ammonia in the cold but 
stronger m the hot, but its aqueous solution does not react with litmus or tunnerio paper 
Although it is a weak baso, it prooipitatoa salts of zinc, aJumimura, and iron, and m the hob 
it displaces ammonia from vonous salts. 

With formaldehyde it gives a ohoraotoristio (for aniline and for tho aldehyde) conden- 
sation produot (CaHj N CEz)^, melting at 40° With ohlondo of Umo a solution of anibno 
becomes Intonsoly bluo if pure or violet if impure (sensitivo reaction), tho colour rapidly 
ohanguig to brown , if the anilme solution is very dlluto this coloration docs not appear, 
but a red colour will then form ou further addition of a few drops of ammonium hydro 
sulphide, minimal traces (1 260,000) of aiulino being thus doteotablo. Aniline or one of 
its salts forms p aminobenzenesulphonio aoid with conooiitrated milpliiirio acid, but in 
presence of a drop of potassium diohromato solution a fine bluo colour is produced whioli 
disappears very rapidly , in dilute solution a green and then a black colour (anihno black) 
IB formed. Different methods of oxidising amllno give variod products azobonzeno, 
mtroao and ultro benzene, jff pheuylhydroxylainjiie, ^-oniinoplionol, qumono, jp-amino- 
phenylamino, violanilino (with arsenic acid) Oxidation of a mixture of ombne and tolul- 
dme yidds fuclisme, wlulo a mixture of aiuUno and p-toluylonediamluo gives sairaniuo ‘ 
Chlorine transforms dry anilme into a tarry aubstonoe, while In preaonoo of water tnohlor- 
omllno and tnolilorophonol ore formed. Tlio action of calcium liypochlorito on a solution 
of amlino in chloroform yields ozobonzoiio. 

Some of the more important salts and derivatives of anilmo and Its homologues are 
06 follow 

ANILINE HYDROCHLORIDE (AniUne salt), CgHj, NH,, HQ, la obtained pure and dry 
in white crystals by passing a current of dry hydrogen chloride into an othorool Holiition of 
aniline. It molts at 108° and partly aublimos, and boils imcbangod at 246” , It dissolvos 
readily m water or alcohol, but is insoluble iu ether 

It is prepared industrially by noutrallaing onllino at 100° with oonoontratod hydro- 
ohlono acid, free from chlorine After standing for some days, orystollino aniline salt 
Hoparatoa out, this bolug oontrifuged and dried at 60° , the mother liquors are then ovapo- 
ratod and crystallised In the oir tho wliito scales osuumo a rcddlsli or groonlah tmt In 
prosonoe of HOI its aqueous solution imxiarts a yellow colour to piiio wood oi oldor-pith, 

^ Aniline acts on the norvouH Hyatom, and even when its nutinn ih sliglit tlio edges of tho 
lips are turned bluish and on effect similar to drunkotmoss in pro<lucG(l, but the fot^s bocomos 
pale and the appetite foils , In such cases Epsom salts are administered os purgative, alcoholic 
liquors being harmful Clothos soaked In aniline may prociiioo serious poisoning and giddi- 
ness BO acute 08 to cause collapse, tho lips beonmmg di^k blue or even block When this 
happens, reoouTso should be hod to exolbauts or ablution or to small doses of ether administered 
internally Benzene and nitrobenzene vapours are also injurious to lieolth 

■ For the making of omllne block and oteer dyes, the following quolttlos of aniline are placed 
on the market anuins otlfor &Zue, which Is almost pure aniline, b pt. 182° to 186°, sp gr 1 034 
to 1 030 . aniline oil for red, oonsiating of about 1 paib of ombne and 2 ports of o- and j) toluldinos 
and boiling at 100° to 108° , aniUne oil for eaframne, sp gr 1 032 to 1 0S4, oontolaing 86 to 
60 per cent of aniline and 60 to 06 per cent, of o-toluidine. Aniline oil Is tested ooramereially 
by measuring the fractions distilhug at different temperaturea from 100 grms. of the oil in a 
suitable distlUing flarii fitted with a tneumomoter^oduatod m fifths of a degree from 160° to 220°, 
tliB heating being carried out on a sand bath best qualities of aniline oil glvo 96 to 08 per 
cent of distillate between 182° and 186° It is also advisable to moke small dyeing teste with 
aniline blook in order to aaoertom which of the different aniline oils and salts on the market 
gives the finest and most intense black {see IcUer, Dyeing Processes), 
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ANILINE SULPHATE, (CoH^ H,S04, is only slightly soluble m water 

Yanous other salts of organio and inorgamo aoids are known 
ANILINE PJLATINICHLORIDE, (C0H3 NH„ HCl)a, PtCIj, forms yellow leoflots r 
solving readily in water and, to a less extent, m aJoohoL 

METHYLANILINE, CgHg NH CH^, is obtained by Jieatmg 100 ports of amhne hyd 
ohloride with 30 parts of methyl alcohol (free from acetone) at 180° in on onomelled ir 
autoclave It is a ooloiirless liquid, sp gi 0 072 at 16°, b pt 193 3, with an odour rose 
bling, but stronger than, that of onihna With ohlonde of lime it gives first a violet a 
then a brown ooloration The ooirosponding NITROSAMINH, NO CHg, is obtain 

by methylating phonylmtiosaraine or by treating metliylamlmo with nitrous aoid It fon 
a yellow oil which distils unohangod only m a ciirreut of steam and gives Liobermom 
reaotloup ohorootenstio of tlie nitrosammos and of vanous nitroso denvatlvoa , this reooti 
consists m the formation of a dark blue ooloration when the mtroso compound is heated wi 
phenol and sulphuno ooid and the hquid then diluted with water and neutralisodwitli potoE 
DIMETHYLANILINE, CgHg N(CH3)3, is a mixed tertiary amino and is obtained 1 
heating anihno hydroobloriclo with methyl aloohol, methyl ohlonde being formed os 1 
intermediate product and reacting with the anilmo. If, however, diraethylamUne hydr 
ohlonde Is heated with gaseous hydrogen chloride at 180°, methyl ohlonde and anilli 
are formed. When dimethylonihne is heated to a high temperature, the alkyl groups pa 
Into the nucleus The hydrogen, m the para-poaition of these dialkylammea is readily roplao 
able by diEorent groups , thus, the action of nitrous aoid yields p mirosodimethylandtn 
which forms green oryntols and gives a yellow hydroohlonde. Permanganate oonvei ts tl 
NO group mto NOg, giving mtrodxmethylanihne (im pt. 102°), while boiling with oanst 
soda results ui the obmination of dlmethylomino and the formation of nitrosopheru 
NO OgRj OH It gives a straw yellow coloration with ohlonde of hme and reacts wii 
aldehydes and vanous other compounds. 

Dimethylanlhno, which is of importance owing to its use in tlie manufacture of vnrioi 
dyes, IS a colourless, oily hquid, sohdifying at 2 6°, b -pt 102 6°, density 0 002 at 16 
Tho pure compound foils in temperature when mixed with an equal weight of aootio auh^ 
dride, whereas if amhne or monomothylaiiilme is present the temperature nsos 

DIPHENYLAMINE, CgHg NH CgHg, le obtoiaed by heating aniline with its hydre 
ohlonde in an autoclave at 220° to 230° for 10 hours 


OgHfl NHa.Ha + OgHfl NHg = NH^Ol + CeHa NH 
Contardi (1018) developed a method which requires no autoclave and may bo rendoro 
almost continuous 

Diphonylanune melts at 64° and bolls at 302°, and foims a very sensitive reagent fc 
the detection of traces of uitrlo amd, with which, m proaeuco of oonoontrated sulplmno aclc 
it gives on intense blue ooloration (also given with nitrous aoid and vanous oxidising agents 
acc Detection of Nitrates m Water, Vol I , p 234) It is also largely used to Btabjliso smoke 
loss nitrocellulose ^lowdars ( 4 to 6 ^ler cent,} and gelatine dyiiaTnltos, and servos also in tli 
inanufooturo of orange IV , metaml yellow, diphenyl blue, oto 


DIPHENYLCHLOKO ARSINE, NH^ yAsCl, known as Adomalte or DM 

forms a yellowish, crystalline mass, m pt. 108°, and was largely used in poison shells duiioj 
the war, 0 012 grm I'endeiiug SO ou m of oir Irrespirablo. It is prepared by heating eithei 
diphonylanune with arsenio trichloride for 24 hours at 100° to 100° in a rciflux apjiaratus oi 
diphonylanime hydi'oohloride with arsenToas anhydndo 

Various nitro- and nitroso derivatives ore known, as well as tnplmylamne, N{0gHB)a 
which orystolliBOS In large plates melting at 127° and distils unchanged. 

BENZYLANILINE (Benzylphenylamlne), CgHg CHg NH CgHg, is obtamed oithei 
by hoatmg benzyl ohJonde (1 moL) with aniline (2 mola.) or by reducing thxobemanxUdei 
OgHs 08 NH OgHg It forms orystaJs melting at 33° and boils at 310° 

N Og i 

HEXANITRODIPHENYLAMINE, NH oolouring mattei 

NO, 


[aurardia is its ammomum derivative, NH4 N[0|H2(NOt)8]9}« but is prepared m large 
quantities as a shattering explosive for charging torpedoes In its manufacture 2 • 4- 



661 
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liuitrocLloroljoiizono ifl treated with anihne, giving d%n%trodij}he!iiylamviief OgHg 
C^oHg(!NOa)a» pt, 107*^ Nltiatiou of the latter yiolda tefmntirodtjj/ienyZamnc, m pt 180° 
to 100°, BJicl intiation of thm /ie3Wtti^rodtjytoiy?awi?w, in jit 240° to 260° (deoomp ) , thia 
ooinpound la turned brown by suiiJIght, ib Bomowliut son^tivo to shook, and mflaraefl the 
skm and initatcs tlio nniuua of the eyes 

PHENYLSULPHAMINIC ACID, CgHg NH SOgH, is obtouied by tJie action of sulphur 
tnoxide on the anune, and is very unstable except in the form of salts 

ANILIDES are deilvativoa of auihne in whioli one or both of the Jiydrogon atoms of the 
amino gioup of aniline are reploocd by one or two inorgan lo oi orgomo aoid residues , m 
the lattor uoso, eompounds of oonsiderable interest axe fonnod 

FORMANILIDE, CgHg NH CHO, obtouied by heating aiuhne with formio ooid, molts 
at 40° and is used for niolcmg jp n\lroandx 7 i&, 

ACETANILIDE (Antlfebdn), CgHg NH COCHq, is obtained by boiling a mixture of 
anihiie and glooiol aeotio ooid foi a oouplo of days In on oarthenwaxo vessel fitted with a 
reflux oouduuser 

OeHs NHb + CHb CO OH = H^O + CgHo NH COOHa 
Indufitiially it is mode lu thick, seainloas, olummium yesaols ploood m iron voaaols to 
protect them from du'oot 81*0 heat It is purified by repeatedly orystaJlislng or distilling, 
best xn vacaio It molts at 116° and boils at S03 8°^ with partial sublbnation at 06° It 
dissolves m 174 ports of cold or 18 parts of boihng water or m 3^ parts of oloobol , it is 
readily soluble In ether or ohloroform The hydrogen atom united to nitrogen can be 
replaced by niotals (Na, K, etc ) It oausffl oonsiderablo lowering of the temperature of 
animal organisms, and is bonoo used as on antlpyretio It may bo used to replace oomphoi 
m making celluloid, and is employed also to adulterate oertaui perfumes (vanillin, musk, 
piporonal, etc ) 

Di- and Tri-acetanllides have anaJogous properties, and Methylacetanilide, CqHb 
N(OHb) COCHo, IB used under the nojue of ea^dgxn as a speoifio against headache* 
JhacekLnilxd^ melts at 37° 

CHLORACETANILIDE, CgH^Cl NH COCHg, exists in three isomerio forms the 
ortho oomjiound, melting at 88° , the mefto-, at 72 6° , and the para , at 172° Tbo ohloro- 
Qjid bromo-dorlvativoB of aoetanihdo god other anUides ore obtained by the action of 
ohlorino or bromine on the onilldo or by tlie interaction of acetyl chloride and the substi* 
tuted anilines Another series of isomen des is that in whioh tho substitution is In the ooid 
group, , Phenylchloracetamldo, CgHg NH 00 CHaOL (m -pt. 134°), which is obtained 
from chloraoetyl chloride and aniHnc Phonyldlohlor- (m -pt. 116°) and phenyltriohlor- 
ooetamldo (m. pt. 82°) arc also known 

NITRACETANILIDE, NO, CgH^ NH COCHj The three isomondes arc obtained by 
tho action of ocotyl chlorido on tho ooiresponding nitromlmos , tho 0 compound melts at 
02° (yollowisli ciystals), the ?/i- at 142°, and thop- at 207° 

PHENYLACETANIUDE (Dlphenylacetainide), (CoHB)aN CO CHg, is obtained by 
treating a benzene solution of dlphonylamlne with aootyl chloride , it melts at 90 6° 

BENZANILIDE (Phenylbenzamlde), CgHg NH COCqHq, is propared from benzoyl 
clilonde and amhne and molts at 102° It is veiy stable, but is deoompoaod by fusiozi wi^ 
alkali It IB insoluble in water, but dissolves In olcohoL 

PHENYLGLYCOCOLL (Phenylamlnoacetlc or Anllldoacetic acid), CgHc NH CH, 
COgH, IS obtamod by protnmted heating of ohloroaoetlo odd (1 mol ) and anihne (2 mola ) 
witli water It forma oiystola melting at 127°, gives oharaoteristlo mercury and oopper salts, 

yCDBE, 

and when heated at 160° gives up water and yields the anhydride OoHb N^ | , melting 

Njo 

at 263° 

HOMOLOGUES OF ANILINE, POLYAMINES, AND THEIR DERIVATIVES 

(sea Table, p 656) 

ORTHO- and PARA-TOLUIDINES, CHg CgH* NH„ are obtained by reducing the 
Gorreeponding nitro-oompounds Sinoe the three Isomerldes ore formed almultaneouBly 
In the nitration of toluene, reduction yields a mixture of the three tolmdlnep (m-toluldlne 
in small amount) In order to separate them, the mixture is poured into a solution of 
oxalic odd oontammg hydroohlono aoid and the Uqmd heated to boiling , thep-tolnidlue 
oxalate, which is only slightly soluble m water and insoluble in ether, is then separated, 
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tile filtiuto oojitaiuing tho soluble Ly drool iloiidoa of the other toluidmes Also Wtllhn 
has shown that only amines which have tho paro-position free can bo ooavortod (by HQl -| 
NaNOg) into the oorresponding aminoazo derivatives, the uunltered p toluldine beiu 
then separable by distillation in steam p Toluidiue eon also bo separated by cooling, sino 
it froevea first. The toluidmes ore distinguished from amlino by the difierent solubilltio 
of the nitrates, hydroohlorldee, and aootyl denvativee. p Tolnidine, like the mota oom 
pound, costs double as much as the ortho isomoride. which is also found n 

coal tar, is a liquid (sp gr 1 09) boiling at 100° and turning brown m the air p Toluxdxn 
IS a Bohd melting at 43°, and bolls at 108° , it is sparingly soluble m cold water, bu 
dissolves readily in oloohoh ether, or benzene. The tolmdines are used m the monufao 
turo of dyes 

m TOLUIDINE is obtained indirectly by nitrating aoetylatod p-toluidino, the oom 

pound CHg^ ^NH COCHq behig thus formed , the aoetyl group is thou eliininator 
NOa 

by boiling with hydroohlorio acid and tho amino^group by diazotisation Reduction of tlu 
resultant m mtrotoluene yields m-toluidme, which is a oolourloes oil (sp gr 0 008 at 2/5° 
boiling at 107° 

XYLIDINES Six Isomerldes are known (see Table, p 665), and all are formed togothoi 
by nitrating crude xylene and reducing the resulting mtro oompoonds , the most unpor 
t^t is 7»-xyhdme Various methods of separating the dififerent xylidines ore known, 
almost all of them being patented and based on tlio varying soluhihtlea of the acetates and 
hydroohlondea of p- and ta-xyhdmes Tlio separate isomondea are prepared pure from tJio 
corresponding pure mtro compounds 

BENZYLAMINE, CgHu CHg NHq, is isomono with tho toluidmes and behaves Uko 
the amines of tho oliphatio series. It is obtained togethor with di and tn-benzylomine 
by heating benzyl chloride with ammomiu It la a colourless hqmd of ammomacal odour 
and bods at 186° , it has an alkaline reaotiou and Is a more energetic base than auihne, 
the omiuo group being further removed from the benzene nucleus, which has a somewhat 
negative (acid) Iniluenoe. 

o-PHENYLENEDIAMINE, CoHfl(NHj)a, nu-pt. 102°, b pt. 267°, obtamed by reducing 
0 mtroaniline with oaustio soda and zmo dust, is of httle prootloal importance, 

m PHENYUBNEDIAMINE, nu-pt. 63°, b -pt 287°, is made by reducing m dinltro- 
benzone with iron turnings and hydroohlono acid With a trace of a nitrite and hydro- 
ohloTio acid it gives the oharacterlstio brownish-yellow ooloration of Bismarck brown It 
IS used as a developer in dyeing and pilnting cotton, but more especially for making numer- 
ous azo and other dyes, e^g , Bismarck brown, ontliracene acid brown B, Columbia block 
JTB, ]]T, vesuvine, ovo bordeaux, oliiysoidino, diamine brown V, neutral violet. 

p PHENYLENEDIAMINE la obtained by the reduction of anunoazobenzene (dissolved 
in aniline) with hydrogen sulphide, or hydroohlono amd and iron turnings, or, more cosily, 
by heating p diohlorobonzene or p ohloranlline with ammonia m presence of a copper 
salt (Gler Pat. 204,468), or by reducing p-mtioanlbne with hydroohlono add and iron 
turnings 

It melts at 147°, boils at 267°, and is soluble in alcohol or ether, and to a less extent in 
water , in the air it browns slightly Addition of a trace of ita hydrooblondo and tlien a 
few drops of feme ohlorio solution to dilute hydrogen sulphide solution gives a oharaotenstlo 
violet ooloratbn (Laulh'a v%dlei) 

It is used m m akin g many dyes ethyl add violet, azidine orange, brown and blook, 
azoaUzann b lock, direct brown R, paraphenylene blue and violet, etc With raw, but not 
with boiled, milk it gives a violet coloration It oolouis woody fibre biiok-red, and has 
been proposed as an aooelerator of the vulcanisation of rubber It is frequently employed 
for dyeung hav by oJadising it with hydrogen peroxide, but its use for this purpose should be 
prohibat^ owing to its poisonous properties. 

TOLTLENEDIAMINES, CsHs(CH8)(NHs)a The most eommon of these is the o p- 
oomponnd, t. 0 ,, the one with the amino-groups in the 2 and 4 positions and the methyl 
group m the position 1 It is obtamed by reducing the oorrespondmg dinitrotoluene 
(see p 661) with iron and hydroohlorio add and is used for TnA. 1 n 7 ig dyes and, together 
with sodium sulphite, for dyeing hair, as it does not seem to be injunous to healti^, as 
p phenylenediamme is It oosta about 16s. per kilo. 
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NITROANILINES Concentrated nitno aoid acts very enorgeticaJly on 
suiiljiic, ujid in ordoi tlmt tlio nitro-groups may be introduced into the benzene 
niiclena without tlio lunuio-gioup bemg attacked, either the ammo-group is 
acetylatod oi tlio niiiation is earned out m presence of a large proportion of 
concontiated Hulphmic acid 

o NITROANILINE, NOg C0H4 NHg, forma orange-yellow orystala, m -pt 716°, and 
la olitaiiiod by hoatmg 0 cldoromtrobeozeiio witli oonoeutrated ammonia solution under 
liroasuro It ib of littlu uiduatnol importance. 

?a-NITRO ANILINE, pro2)ared by roduuing wi-diiutrobouzene with sodium polyaulphides, 
foiina yoUow uryatala, in, pt 114°, diHsolvea m water to the oxtont of 7 12 per cent., and la 
Uflod for inakitig alizann yollow GG and dimethyl ni tramline orange, 

NITROANILINE is inndo uitlior by lieatmg p mtroolilorobemono with ammonia under 
proaauro, or by nitrating aootamlldo to p-nitroaoetanilide and hydrolyaing the latter It 
forma yollow oryatals, in, jib 147°, diasolvea to tlio extent of 0 08 per cent In water and 
5 84 per ooiit m alooliol, and la used for making aJizarm yollow R, p mtraniline red and 
p jihoMylonoflmnuno, 

2 4 DINITROANILINE, obtained by boating 2 4-cUnitrooblorobonzeue with oonoen 
tratod aniinoma under pressure, fonna yollow or3^staJs, m pt 188°, and serves for makin g 
violet G for wool and poi manout red 2Q The presence of the two rutro groups attenuates 
the baaio oliaraotor of the amino group, wluoh is diszotised only m oonoentrated Bulphurlo 
aold solution 

s (2 4 0 ) TRINITROANILINE (PICRAMIDE), NHb CoHa(NOa)a, obtomed from 
pioryl olUonde and ammonia, forms orange rod noedlos, m -pt 186° , it has not been 
diozotiBod 

2 3 4 0 TETRANITROANILINE, m pt 210°, prepared by mtiatuig »n-mtroanilme, 
is a inoro iiowerful explosive thou otlior aromatic mtro-oompounds but loss so thou nltro 
glyoorbio, Cbaractoristio is tho mobility and heiioo the ready roplooeabUity of the nitro 
group in xioaition 3 

TRINITROPHENYLMETHYLNITROAMINE (Tetryl)» CflHa(N0*)3 N(NOa) CHq, pre 
pored by nitration of dimothylanllme, forms yellow crystals, m -pt 120°, and is an endo 
thermic compound ( — 40 8 oals ) It la a highly stable compound but Is more sensitive to 
shock than picric aoid, and is used os a secondary' detonator 

H NITROPHENOLS, AMINOPHENOLS 
NITROPHENOLS The ortho- and poia-oompouxidB are obtained mixed 
by treating phenol with dilute nitnc acid, a larger proportion of the para- 
denvative bemg formed in the cold and of the ortho- in the hot The latter 
13 volatile m atcam, and con hence be readily separated from the former 

m-Nitroamlme gives virYiiiTophenol only by pasBing through the diazo- 
compound, but 0- and p-mtroanilines give the corresponding nitrophenols 
wlien simply fused ^vlth potash 

Nitrophenols ore more markedly acid than the phenols and decompose the 
alkali coibonates, formmg Nitrophenoxides 

0 NITROPHENOL, froo from tho para-isomende, is obtained by fbfft.illmg 0 nitro p- 
phenolflulphonio acid m steam suporhoatod to 160°, or by heating o ohloromtrobenzone 
with sodium oorbonato solution, or by boiling o-nltrobonzene with caustic soda. It forms 
yellow crystals wath a peculiar aromatic odour, ap gr 1 447, m,-pt 44 6 to 46°, b pt. 214° 
It forms orange red salts , when heated at 200° with methyl aulpbate and methyl alcohol, 
tlie sodium salt gives o ntlr(^hen 6 l metJiyl eUieft which, on alkalin e reduction, yields dioni- 
aldme, tins bemg used for making azo dyes 

in-NITROPHENOL, prepared from m-mtianlUno and nitrous aoid, forms yellow 
oryatals, m pt, 06°, b pt, 194° (»n vacuo), and is not volatile m steam 

p NITROPHENOL, ooburlsfls needles, nu-pt 114°, is used espeoiolly In making 
phenaoetln {q v ), and is obtained by heating p nitrambne with caustic soda solution, 
p NITROPHENETOLE, which is the ethyl ether of p-nltrophenol, NOa OgHi OCaHa, 
forms crystals, nn-pt 68°, b pt. 283°, and is used m making p phenetidinc v ) It is 
prepared by wiTring ^-nltrophenol, alcohol and 60 per cent, oaustio soda solution, allowing 
to oool overnight, and heatmg under pressure with ethyl ohlonde and aloohoL 
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DINITROPHENOLS, oh CflH8(N02)8 Vanoua isomendes arc known The 2 4 ooi 
pound la uaed for making colouring inatteiu, ospeolally hh^oh, and was made in larj 

tjuaiitlties during the war for imYing with piorio acid to lower ita melting point It 
obtained by nitmting chlorobonzono and treating the resultant diniiroolilorobenzeiie wn 
aoclliijQ oaxbonate It is used also for proaervuig timber It melts at 114® and has the b 
ffr 1 683 Tm and hydroohlono oold convert it into 2 4rdiaminophonol (a7nido2)j whJ 
■vvitli ammonium Bulphide it gives 4 mtro 2 ammophenol, and with toluene o-sulph 
ohioride l-ohloro 2 4 dimtroben/eiie. 


PICRIC ACID 


NOa 

(Tnnitrophenol), NOj^ ^OH, 

^ 0 , 


was discovered m 177 


by Amato di Welter, but was used first as a dyo and muoli later as an oxplosivt 
Jt is formed by the action of concentrated mtnc acid on vanous aubatancej 
Buoh as silk, wool, indigo, oertoin reams, etc , and by tbe oxidation of 5-trimtrc 
benzene with potassium femoyomde Further mtro -groups cannot bo intrc 
tluced directly into piono acid 


The first tests on its explosive propertioa were made by Sprengel In 1871, and on Tuipm 
rox^rosentations it was apphed by the Preuch Government imder the name {ai 

p 303) for charging grenades 

Before the war it was prepared InduHtrioUv as follows equal weights of sulphuric aoi 
(06° 36 ) and pure phenol were heated at 120° In a cast-iron vrasel and oontmually stin'o 
until a small portion of the mass dissolved in water without separation of phenoL Tb 
idionolsulphonio acid thus obtained was poured into two parts of oold water and the soli 
tiou introduced gradually mto earthenware jars oontaining 66 per cent, nitno acid (sp g 
1 400) in the proportion of 3 6 parts per 1 part of phenol The jars were surrounded by 
watei-bath and wore covered over so that the nitrous fumes, which were at first frool 
evolved, could be drawn off Towards the end of the reaction the water bath was heated t 
boiling The stages of the process are represented by the following equations 

(1) OeHa OH + H.SO 4 = H.O -f OH CgH^ SOaH, 

(2) OH OfiHa SO 3 H + SHNOa = 2HaO + HaSO* + OH CaHa(N0a)a 

When the mass is oool it solidifies, and it was then centrifuged and washed with a littl 
waior , by this means the piorio acid or 3 ntaJB oan be effloiontly separated from the mothei 
liquor 

During the Enropean War it was prepared on a large scale by treating pure syntheti 
j>]Lenol with sulphuric add, and nitrating the resultant phenoldl (and tri ) sulphoiuo amd b 
moans of sodium nitrate and nitric acid 

A Boggeetion has been made to prepare piorio aoid m the cold, as follows (Fr Pal 
345,441) 1 part of crude phenol is atined into a mixture of 10 ports of nitric odd (sp gi 

I *4) with 3 ports of denatui'ed aLoohol, the mass bein g poured mto hot water at the end c 
tho I'oaotion , the yield is good, but part of the alcohol is oxidised and lost. When phene 
Ib door, anihne is sometunes used, being converted mto the sulphonlo add, diazotised, an 
iroatod with tho theorotical quantity of nitric add (Ger Fat. 125,006) 

PROPERTIES Picric acid forms yellowish, very bitter, and somewha 
poiBonous leafiets, which melt at 122 6^ and have the sp gr 1 7636 or, in th 
fused state, 1 62 to 1 64 It hums without exploding, out if it is heated in \ 
closed vessd, or if its vapour is superheated, it may explode with great violence 
lu tlie open, mercury fulminate is not able to explode it, a detonator of dr 
guncotton (or lead picrate) with a mercury fuimmate cap bemg neoesBory 
Wheii it IS exploded m a closed vessel, its shattermg effect is double that 0 
dynamite 

One hundred parts of water dissolve 0 626 part of picno amd at 6®, 1 16 
part at 16°, 1 226 part at 20°, or 3 89 parte at 77* It is readily soluble m alooho 
or benzene In aqueous solution it is dissociated to some e^ent and shows £ 
marked acid action The yellow colour of its aqueous solution is due to th* 
anion , m h^t petroleum it gives a oolouilesa solution , and is hence non-ionised 


-! ' 
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It ifl non-volatile m atoam Its hydroxyl-gi oup is luglily reactive, owing 
to tlie presence of the tlirec nitro-groups The potassiiun and ammonium salts 
are exploded by percussion, wlulst the fice acid requires a detonator 

With many aromatic hydrocarbons it forms weU-oryBtalliaed, molecular 
compounds which serve for the identification and separation of the hydro- 
carbons , picric acid is elnnmated from these compounds bv ammonia 

Wh en reduced with tm and hydrodilono acid it yields 2 i G-tna 77 hmophenol, 
whilst with ammomum sulplude or sodium hydroaulphide, or on electrolysis (m 
pi( 3 sence of vanadium salts) it gives i Q'dinil70-2^iThifiop]u>iiol (phcrcmvic cioid) 
With potassium cyanide it gives a oharaotenstic and sensitive red coloration 
{isopu^puno amd) With mtron acetate it gives a piecipitato of nitron pioro- 
nitrate, 02oHiflN4, OoB[30(N02)3, which is insoluble in extremely dilute aqueous 
solutions acidifi^ with Bulphuno acid, and can be filtered off, washed with 
water, dried at 110°, and weighed 


Nitron has the structure 


CflH5 


N = C . 

i CoHb 

N— Ah — 


>N * GqUq, and m presence of 


acetic acid precipitates NO3 ions from very dilute solutions even when mtntes 
ore alsct present 

With calcium hypochlorite picric acid forms ohloranil (p 648 ) and ohloro- 
picrm (p 236 ), the yellow atam of the acid being removable from fabrics or the 
hands m this way 

The decomposition of picric acid on explosion has not been tliorouglily 
mvestigated, but is represented approximately by the equation 

0 flH 2 (OH)(NO 2)8 == 6CO + HgO + 3 N + H , 


the acid is hence too poor m oxygen to give the maximum effect, the carbon 
monoxide and hydiogen not being oxidised 


USES Piono aoid is employed m the proi)aration of oortam organic oonipouiidfl and 
was at one time used for dyeing silk and wool yellow, but fcJio oolour is not very b table , IL 
has oIbo boon used for oolounng foodatuffla It is now nioetly used oa an explosive, oithor 
as acid or m the form of ammonium or potassium salt, Llioao exploJing at 310“ or on poi- 
oiiBsion (see Exploaivoa, pp 258 el aeq ) Mdimte, a very poworfiil explosive suggestod by 
Turpm for fillmg grenades, Is merely piano ooid wliioli liaa been fused in a tinned vosaol , it 
IB poured into the empty grenade, the interior of wliioIi is also binned. A oold saturated 
aqueous solution of piano aoid Is used for alleviating the pains of bums • 

From ammonium piorate and ammonium salts of trinitroorosol, soniotluioa with addition 
of potassium nitrate, powerful and stable explosives are obtained, tlieso bearing various 
names {lyddxie, ecraa%le^ eto ) 

TRINITRORESORCINOL, CQH(OH)a(NOj) 5 , Iidb also been proposed as on explosive. 
AMINOPHENOLS 0 Amlnophenol, NH* OH, forms oolourloaa crystals which 

turn brown and resinlfy in the air , it melts at 174® and sublimes. Its acid properties are 
weak and It forms salts only witli acids With foiTlo ohlonde It gives a red coloration, 
turned blue and then green by addition of stannous chloride It is obtain td by reducing 
o mtrophenol and is used for dyeing fm-s. Its methyl other, t>-am«dine, NH, - OCHn, 

prepared by reduoing o-nitroamsole, is used In the preparation of synthetio guaiaool (see 
p 044), and hence of aynthetie vanillin {aee later), and of various important ozo dyes (fast 
ohrome yellow asoeosin, azoooobineal, diaro Boarlet) 

ta-AminophenoI, uL-pt. 122° , is prepared by hoatmg resoroinol, aqueous ammonia and 
ammonium ohloride under pressure and is used for making dyes. The corresponding 
dimethyl- and diethyl amino oompounds seirvo for making rhodamlnes 

p Amlnophenol, m. pt. 184°, is readily oxidisable, and is prepared by reducing p nJtro- 
phenol, or by the eleotrolytlo reduotion of mtrobonzene. It is used for making vanous 
VOL n 48 , 
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dyes, for dyeing hair and furs, and os a photograplno developer under the iiaino rodi 
(see Vol I , p 714) ^ 

p Methyleminophenol Sulphate, OH CflH4 NH CHg, iHgS04, la largely iiaecl lu 
developer undcjr the name metol, and is prepared from quinol and motliyhunino iuk 
pressure , it molts at 260° to 200° 

AMINOANISOLES (Anisidlnes), NHj OCHa, and Phenetidinea, NHa CqI 

OCtH5, aro used in making azo dyes and are similar to aniline. Glaoiol auetio acid ylol 
for example, pJie7iacei%n [Acei^l p-phenetuhiu), CHg CO NH CgHi OCgHj, phenet 
being CgHg OCjHg Phenoootm is used as an antipyretic and antlnenmlgio and for 
oolourloss and tostdeas whito oryatals, m -pt. 136°, wlnoh are soluble in alcohol and shgli 
BO In water 

p PHENETIDINE (ethyl other of p-arainoplienol) la used m making vonous dyes (sta 
ao\d bluCt aUztxnn yeUoio 6G, oto ), and its hydroohloi*ide, when lioatcd with urea, for 
duioin (awerof), C-gHgO CjEi NH CO NH,, m pt 173°, wluoli la 200 times os 8w< 
os sugar (sacohaim is 600 times as sweet) Fhenebidino Is used also in pharmacy 

PHENACETIN {see abom). In doses of 0 5 gmi , is an excellent aiitqiyrotlo and a apod 
ontlneuralgio, causing no disturbanoe in the system It melts at 136° and is ohtaJiiod 
heating together p phenotidine and oootio aoid In its luanufaotiiro use is found for t 
p nitrophonol obtainod in large quantities ns a Avasto product in making blue a7o dyes 
2 4 DIAMINOPHHNOL is used as a photograplno developer os sulphate (amulol) 
liydrochlonde (dtamol), and la employed also for dyeing heir and furs deep chestnut 
DIHYDROXYDIAMINOARSENOBENZENE is the product prepared by Ehrhoh ai 
Bertheim as hydrochloride and placed on the market m 1010 under tlie namo 8almrsa7i 
606 It JB a straw-yellow powder, dissolving m water to an ooid solution, and ibbontoJ 
34 per oent of aisemo It also beam the name Haia, since it was Hr Hato, of the Elirlli 
Institute, who hist injected it into animals and found it to be highly oihoooious in oos 
of syphihs m rabbits, whloh were able to withstand a certain dose of the preparation 
was apphod to man by Alt m the ease of a syphilitio paralytic, and was Bulisequeiitly largo 
used with suooesB by IverseiL 

Solvarsan is a speoiAo remedy for syphilis, the Bpirochetos being killed lu 24 to 48 liou 
and the syphilitio symptoms disappearing rapidly even whore treatment with mercury < 
iodine IS without effect The cure seems, however, to be very pomful, relapse and socoudai 
effoota BometiTnes ooourrlng Tho firm of Mieister, Luolus und Brtlnlng (Hduiist, near Frau) 
fort), who make Balvarsau, sold a million pounds’ worth of it m 1011 
Salvorsan has the ooiistltution 


OH<^ 


■\ 


-Ab 


NHj, Hca 



BO that it ifl p' dihydroxy tn im! diammoorflenobenzcno dlhydroohloridt^, 

Salvorsan oonnot be injected as Buoh Into the veins, but must first he transformed lul 
the sodium salt, the two phanoho hydroxyl groups being, salified. Tho solution for lujeotic 
should be prepared a few instants before use m order to avoid the formation of the high 
poisonous salvorsan oxide NeoeaVoarsan^ 



, 2HgO. 

so, No 


16 more resistant to oxidation, but may deposit the base of 606, whioh tlie feeble alkoUnlt 
of the blood may be unable to dissolve , to avoid this inconvenience noosnlvaraan may I 
mixed with various salts (neosalvoTsan, 1014) which, however, lower the arsenic oontei 
from 30 6 to 20 to 21 per cent 

Besides being used for oming syphilis (00 per oent. of ourea), salvorsan is odmlnisbere 
also in oases of sleeping siokness, tertiary malana, eto 

THTOPHENOL (Phenyl hydrosulphide), CgHg SH, la obtained by heating phenol wit 


^ Aromatic photoqrajdite dsi^lopers should contain aeveraJ hydroxyl or amino gioupa, i 
at least one group of each kind , if the hydrogen of the h3rdroxyl and amino groups is pc^] 
replaoed, the oompoimda lose their developing properties, unless some of these groups remai 
unobanged 
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phoBpIioruB poiifcaaulpliido or by roduouig bonzoneaulpbomo olilondo, CflHa yOgCL It is a 
Lqiud of very unplcosonb odour and exbibita the oharaotem of tho meroaptans 

It readily forms salts, tliat of morcury, (CQH|j8)2Hg, foL oxamplo, orysl^bfiiiig in needluH 
Wlion. oxidised in animoruaoal solution, thiophenol yielrla Phenyl disulphide, (CoHfl)iiS , 
melting at 00° 

Phenyl sulphide, is obtained from thiophenol and diozobonzoiio chloride, and 

has an alllaoeons odour 

AMIN0THI0PHEN013, NHg C^H, SH The ortho compound readily fonna ooti- 

donsation produo ta of tho type or of giHiater oomploxity, auoh os 

hne (a yollow dyo diazotlsod on tho fibre), which is obtained by Jioating p toliniluio with 
sulphur and thou sulphouating When hoatod with sochuin sulphido and siilpluir, p-anuiin 
phenol yields Vidal blacky which ooloura cotton lii an alkaline and reducing bath of Hodliiui 
sulphide. Tho black thus obtained is brilliant and stable, like most of these mJphur 

PHENOLSULPHONIC ACIDS, OH C^Hi SO3H, ore obtained from phenol and con 
oontratod sulphuno acid or, better, from honzonosulphoiuc aoid Tlio ortho and para 
compounds are preferably formed, and tho former la transformed into the latter on Jioating 
The meta derivative is prepared iudirootly The oitlio ooiupound is used as an antiseptic 
under tho name sozolic acid or aaeptoL 

1. AZO-, DIAZO-, AND DIAZOAMINO-COMPOUNDS AND 

HYDRAZINES 

1 AZO DERIVATIVES 

These aro mtermediate reduction products of nitio-oompoiuidH ond coiiLfiin 
a characfceriatic group of two nitrogen atoms, each of which is imitod tiO an 
aiomatio group 

In acid solution hydrogen reduces mtro-derivatives directly to aromatic 
amines, but m alkaline solution two benzene nuclei condense and become joined 
by two nitrogen atoms In this way the follo\vTng compounds can be obtainud 
from nitrobenzene (1) Azoxybenzene, OqKq N N , (2) Azobenzene, 

i 

CnKfi N N CflHg , (3) Hydrazobenzene, G^Kj^ NH NH O^Hg Reduction 
of nitrobenzene with zmo dust m neutral solution yields Phenylhydroxylamme, 
CgHg NH OH 

^^en aliphatic ammes are oxidised, the alkyl groups aro dctaolied 111 th(j 
form of acids and ammoma is generated, but the aromatic amines yield luipoi- 
tant mtermediate compounds, eg , azoxy-derivutivos 

Azo-oompoimds are orystalfme, mdifferent, more 01 less vollowish red 
compounds They ore soluble m alcohol, but insoluble in water, luicl Home of 
them distil unchanged Halogens replace the hydiogen m their momatic 
nuoleuB, oxidismg agents convert them mto azoxy-oompoundu, and rcnluouig 
agents mto hydrazo- and ammo-compounds They aio obtained, togethoi willi 
azoxy-oorapoimds, also by oxidismg ammes with permonganato 2(J.,TTr NIL 
+ 0, = C,%J N N- C,H, + 2H,0 

AZOBENZENE (Benzeneazobenzone), C^Hb N N CgHj, la obtaiiiwl by roduchig 
[utrobenzene with a Bolutiou of stannouB ohlondo In exooss of potaasiuin hydroxide or by 
ilfltilhng ozoxybeuzono with iron flllugs. It forms orango-i-ed oryHtala molUiig at 08° and 
boilfl at 203° without deocmpoflition , It is inaolublo m water aud is volatile In steam Ou 
-^uotion in aoid Bolution it yieldB benzidine 

NH.\ /- <( 

BJgher homologuea, suoh as Azotoluene, ore also known 

Azoxy derivatives are neutral oompounde obtained by roduoing the ooiTeaponding 
iltro oompotmds with aloohoUo Bodium hydroxide or by oxidising azo oompouuda by means 
)f hydrogen peroxide. 

AZOXYBENZENE la formed by oxidising aniline with potassium peimonganate in 

48—2 
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alkaline eolation or, better, by boiling nitrobeuzono with olooholio potofili. It fom 
yellow oryatala melting at 36° When heated with oonoentratod aulphuno auld, it 
verted into HYDROXYAZOBENZENE 

C.H, N-N N N a,R, OH 

\o/ 

Hydroxyazo compounds aro formed also by fcbo aotion of dioxo ooiniinuiirlH oti ] 
(eepecoaHy resoromol and the naphthols) in presenoe of oJkah 

OflHe Nj Cl + CeHo OK = CoHb N N OH -h KC'J 

These oompoundfi form yellow, red, or brown OLysbals, readily soluble in al( oli 
insoluble m water They ore azo dyes {tropmdtnea) 

AMINOAZOBENZENES are obtained by the following niotiiods, wJiieli nitrodu 
anuno group into the para position Ami^uxudbenzeue itself is funiUHl by ni Until i 
benzene and reducing the monomtroozobenzene thus obtoinod , or liy tninspoaltioii 
diazoomino compounds (ate p 672), and hence indirectly from dhwobouzeiio and a pi 
or secondary amine , or by coupling diozo compounds with tertiary nniiiiw, in wine 
the aminio hydrogen of the aminoozo compounds is substituted If the amlnlc 
cannot enter the para position, owmg to this being occupied, the reaction becomes 
difficult and o ammoozo denvatives are formed. The mtoraction of diazo oompouml 
m diammes yields diaminoozobenzencSi which are yellow, rod, or brown dyes ai 
termed Chrysoldines, CjEj N, d + 08 H 4 (NHa)a = HCl + G 5 H 5 N N OaHQ( 
(chrysoidine) The ammo group of p aminoozobenzonos can also bo dio^otisod, 
diazo compounds, which agam react with amines to fonn a group of sulistaniK^ 
'insazo compounds or ie^azo-compoundSf e.g , CgHfl N N CflH^ N N GflHi • 
tnsazo compounds are also known. These substonoes are used for making JheJn^Ji s 
orooeme, etc 

p Amlnoazobenzene, or onilme yellow, CoHb N N NHj, fonna yellow n 

or scales, m pt 127°, b pt 226° at 12 mm pressure , it boils witliout (h'uoinposltio 
at the ordinary pressure It dyes woollen fabnos yellow but the colour ih not fust 
slowly subbmes , it is used as alcohol yeHow to dye loos, fats, butter, olioose, etc It 
two hydrochlorides, the yellow having possibly the qmnonoid form, OoKa NH N < 
NHjCl, and the flesh red the struoture,CflHB N N CflH 4 NHa. HOI It ih used in ni 
many diazo oolourmg matters, acid ydlow or stable ytUow (mono and di sulphonhj ao 
sodium salts), jj-phenylenedianune, indulines, etc 

Di- and tri-aminoazobenzenes and aminoazotoluenea ore also known 

Dimethylamlnoazobeiizene, CbHj N N CflH 4 N(CH 3 )a, obtamotl by coupling • 
benzene chlonde with dimethylamline, forms ydlow scales, m pt 117°, and lbs li 
chloride, violet needles , it is used for colouring butter The sodium salt of its moi 
phonic derivative, SO^Na CbH4 N N OflH* NtCHg)., is tlio indicator nMyl t 
(or trop<Bol%7ie II or c/range III ), which is insensitive to oarbomo acid and to hyd 
sulphide. 

HYDRAZO-DERIVATIVES ore colourless, crystalline subatonoea of neutral rec 
which ore decomposed on boiling , bydrazobenzene, for instance, gives aniline and 
benzene. They are obtained by reducing ozo compounds with ammonium sulphti 
sodium hydrosulphite, or zmo dust and ftilfAir Oxidising agents (ap , Ked^ or, al 
the oir) convert them into azo-oompounds , energetic reducing agents, such as so 
am a l g am , give ammo compounds. Strong acids produce moleoulor transpositions (of 
aJQy if the para-pomtion to the NH group is free) with formation of diomluodlphonyl 
pounds, bydrazobenzene givmg benzidine (see hdow) ^ 

P^RAZOBENZEN^ CgHj NH NH CjHb, is obtained by reducing azobenzei 
nitrobenzene with zme dust and aloohoho potash, and forms colourless crystals nioltli 
131° With energetic reduomg agents it gives aniline, whUe oxidising agents (FeC 
atmospheno oxygen) convert it mto ozobenzene, ' 

Under the action of a strong acid it undergoes transformation, even in the oold 
Be n z i di n e (dtaminodtphenyl) * 

which fonna a sulphate only ahghtly aoluble in cold water The formation of banadi 
tbM way shows that it contains the ammo groapp m the para pontiooB, and this is 


{ 


P 
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firmed by the fact tliat this traiiaformation doofl not oounr with a hydrozoboiiKOiio m wliioh 
the para hycbx}gou is roplooed by another gionp 

Electrolytic Reduction of Nltro -derivatives This has boon Btudiod more ospooiaJly b}' 
Gattormann, Haber and Elba, who found that, in the elootrolytio oonvorslon of nitio 
benzene to aniline in noid eohition, various mtermpdiato produots are fonnetl, tho pi vnaty 
ones being 

OaHfl NO^ CflHa NO GflHc NH OH NHg, 

Nltrobousniiii NltmwbinuMuio riiunyULydroxyUruliui AuIIlnu 

whilst m alkaline aluohoho bolution two sooondaLV’ reoetions ooonr, tho niti'oaobunzono first 
formed react uig with tho plioiiylliydroxylamine fomiocl Inter, giving azoicyben^fiono 

OoHo NH 0H + 0,Hft NO = IlflO + GcHb N-N OeH^, 

\o/ 

tins being subsoqueutly roduoed to liydrazobonzono, whioli reacts witli tho excess of nitro- 
benzene, forming azobenzeno and ozoxybonzoiio 

Tho reduction of liydrozobcnzono to aniline req^iuros a tensLon at tho cathode much 
greater than suiHooa foi tlio foniiabion of nitroaoboiizoiio and phonyliiydroxylamiiin , witli 
1 47 volts, only traces of aiulino ai*o formed 


2 DIAZO-DERIVATIVES 


In the di^izo-compoundH of the aromatic hoiiob (discovered by P Orioas in 
1859) the chorncteriRtic group, — Ng — , ib united to only one aiomatio radical 
Ar) and to an aoid residue (X) This group therefore forma two Henos of 
comp nmdfl 

( 1 ) Diazomum salts, in which one atom of nitrogen ih pentavalont as ui 
ammonium salts Hontzsoh showed then atmetuLO to be Ai N N 

i 


( 2 ) True diazo-oompounda with two trivolont nitrogen atoms, Ar • N N X , 
these exist m two Bteieoisomeiio forms {see p 22), the somewhat mistablc 
fiyw-iioajo-compoundfl, Ar • N, and the stable anii-dtozo-compounds, Ax N 

X ll NX 


The two groups Ar and X are far apart m the awt^-oompounda, so that they camiot 
easily itsaot, these compounds honco being tho more stable Tho oyomclo of 
anl%d%azo-jhcldQich&j[iz(me^ Cl CqH4 N, is not decomposed by powdered copper 


N ON 

and, on the otlier hand, cannot have tho constitution of a diazomum salt, 
Cl CflH^ N N, which, Idco anmionimu salts, should bo colourlesH (whereas 

ON 

tho oyamde is yellow) and should have an alkabno leaotion and conduct tho 
elootnc current in aqueous solution , noitlier of these propeiiaea is shown by 
this cyanide, although they are found wiiii the analogous diazoamaole cyanide, 
OH 3 O CcHfl N N 

ON 

The wrUidiazotiUea behave paibly like acids and the corresponding jfwetzdo- 
acids Indeed, antidiazo-hydrate gives the reaction for hydroxyl and forniB 
a conducting aqueous solution , it is unstable and is converted by aoids into 
the nitroeafmne (pseudo-acid), which no longer gives the reactions for hjydroxyl, 
does not conduct, has a neutral reaction, and in dry ethereal solution does 
not form the ammomum salt with ammonia (as, for example, Phenylnitro- 
methane does) By aUrali tho mbrosomme is immediately reconverted into the 
antidiazotate * 
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Antidinjsofcabo 


PREPARATION The gradual addition of sodium niti'ito (L grin 
solution to a solution of the salt of the amine (1 gini -mol ) tooled wi 
results m the formation of the soluble diazonium salt 


CoHfi NH2,HN03 + NO 0H = 2H2O + 0flH5 NO3 

Aniline nltrato IMuiiiyldlmuiiliiin nitrate 

CjHj NHa, HCl + NO OH = 2HaO + CoHj Ng 01 

AnUlno hydrochlorldo Plion^Iillaiimliiiii dilarkln 

When aJiphatic amines are treated with nitrous acid, nitrogen is ov« 
and a primary alcohol formed CaHo NHa + NO OH = Ng + PJ 
CgHg OH 

These diozomum salts are highly explosive when dry, so tliat they are a 
used m aqueous solution, when they are completely harmless 

In these compounds the group Ng behaves bke tlie amnu 

cation and with strong TTuneral aords gives neutral salts, while the salt^i fc 
with carbonic acid have alkalme reactions, since, like the alkulmo oarbc 
{see Vol I , pp 271 and 54G), they readily undergo hydrolytic dissociatu 

These salts have extremely hi^ conductivities, and hence aio dissoc 
like potassium and ammomum chlorides, and like these, too, tlicy foiiu < 
mum phHmcldonde, (CeHg Ng Cl)2Pt0l4 The hydroxide, CoHg Ng 
(from the ohlonde + AgOH), is known, although it has nob yet boon isoli 
it IS soluble, colourless, and strongly alkaline AJl these reactions indicat 
existence of a pentavalent mtrogen atom m the group No Two oonstitul 

, , W & N 

formules are hence possible CqR^ N NX and | , voiiousieac 

X 

indicate the latter to be the more probable (see above) 

PROPERTIES There are various of elurunatmg the iiitogen 
diazo-compounda m the free state, union taking place between th(i bei 
nucleus and the other group jomed to the Ng complex 

(а) By heating the aqueous solution of a diazomum salt a phenol is foil 
CqHb Ng a + HgO^CeHa OH + Ng + HCl 

(б) When a diazomum salt is heated with alcohol the benzene nucleus n 
with the alkoxy-group 

OflHB Ng HSO^ + CgHg 0H = CflHB 0 + + 

under certam conditions, however, the alcohol is oxidised and aldehyde hbei 
along with the mtrogen 


NOj C 0 H 4 Nj 01 + CjHb OH = OeHB NO, + N, + HOI + OHa 0 

P Nftiodlaiotieuaone chJorklc ArotiUdo 

(a) When a diazonium ohlDiide is treated with either onprouH chi 
dissolved m concentrated hydcochlonc acid (Sandmeyer) or finely divided oc 
(Gattermami), the ohlonne (or other halogen) is introduced into the nuo 
ObHb NaC!l = CBHB Cl + Ha,orCeHB NaCl + 0uBr = 

Azo-denvatives may, however, also be formed 2CflHcN 

+ CflH, Ng CgHB + Ngl 


CuOl + Ng + OoI 
gOl + 2CuCl = 2( 


Contaidi (1022) found tliat m many reaotloiiB, especially irith more or less halosc 
amlines, irapno salts give results as good as, or even better than, onprons salt^ the format 


1 i 
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Hyduodio acid, potasBiuni lodido, and liydiogon rtiilpliitlo often act in ou 
analogoiifl luamior, 'wliilst by moauH o[ cuproii« cyanide it is poBHible to replace 
an ammo group by a cyanogen group by paBaiug tlirougli the din/o-compound 

NaCl + KCN = KO + Na + CflHs ON 

This IS a general reaction for oblaming (by aubHequont liydrolynui) aronuific aoidn 
(e) Dry diazobenzene olilondo, wliou troatt'd with. ben^ieUB in prewenoe of 
aluitmumu chloride, gives diphenyl 

CflH,NaCl + CeHo = + HCl + CoH^ 

(/) Troatmont of a diazo-compoiuid with n pumary or iiecoudoiy amine (or 
treatment of the ammo with nitiouR acid without oilier acid) yields dtazoaimno- 
cotnpounih (see la/ei), wluoh are then easily converted mto ainmoa/o-oompoimda 
With tertiary ammoa, diazoniuin salts cioudonHo in the paia-position, giving 
aminoozo’danwiivas 

Con,N2Cl + CflHBN(Cn3)a = HCl + 0 „IIc N N C,H,(CH3)2 

Diazomum salts also form hydioxyazoboruenes (see p GG8) 

DIAZOBENZENE CHLORIDE (Phenyldlozonlum chloride), Cl, fomia oolour 

lees needles soliiblo in water and Is obtoinod by tlio action of moist AgCl on tho corresponding 
bromide , the bromide is obtauieil in naoroous soolos by tbe interaction of ethereal solntionB 
of bromine and dioKoamiaobeu/ono (tribromoanllino roninins in tlie solution) In solution, 
as UBiiolly employed, it is obtained by diarotisiug aiiillno liydroulilomlo 

DIAZOBENZENE NITRATE (Phenyldiozonium nitrate), CgHg Nq NOq, is the salt 
which is most widely used, and is obtained by iiifuaing nitroao-intrio fin nos into a oold 
otheroal solution of dia 7 oammobonzcao or into on oquoous posbu of anJhuo nit into until 
this IS dissolved , to tho filtered liquid oro added tlio triple voioinc of aloohol and thou 
ether until the nitrate Boporates in oolouiloes noodles It is loadily soluble in water but 
msolublo in other, benzene, ohlorofonn, eto It has a strong acid loaotiou and is easily 
exploded by shook. 

DIAZOBENZENE SULPHATE (Phenyldiazonium sulphate), CgHg Nq HSO4, is best 
obtained by treating a oonoontratod solution of orude dlazobcnzoiio nitrate with moderately 
oonoentrated sulphuno oeid, precipitating bovcioJ times with ojceosa of aloohol and with 
ether, and allowing to orystolllBO in a dcsioeator It forms oryutals whloh ora readily soluble 
In water and deflagrate at 100° 

DIAZOBENZENE PERBROMIDE, CqHj N^ Brg, Is prepared by tlio action of hydro- 
bromio aoid and bromine water on dLavobcuzono salts, and when treated with ainniunia 
gives DIAZOBENZENEIMIDE (Benzeneozlmlde), CgHgNgBrQ -(- HHg IIHBr H- CgHg 

N^ II , this is more oaaily obtamed by tho action of rdtimis acid on phonylhydrazine and 

\n 

may be regarded as tho phenyl doidvativo of azoimido ( VoL I , p 37 G) 


DIAZOBENZENESULPHONIC acid, 


IS known as tJic anhydride 


, and Is obtained by adding a mlxturo of sodium siil^diaullalo and sodium 


azo compounds being then Impossihle Foi ouprlo salts tho intoriiretatloii given by Hantzsoh 
for ouprouB salts holds 

G.Ho N N + CuCa. « OgHg N NCI OuCl — OuC‘U + OgH, N t NCI CJf.Ol + N N 

ca di 

Some nltrohalogenatod amines, after oonveralon Into dlaznnlum salts, undergo further 
nitration In. tho nuoloua when treated with sodium rdtrite in oold solution, thus, witli 
2 0 diohloro> 4 -nitroaTiillne 

NO, OgH.a, N(NOb) .N-^NO, agH,a,N(NO,) NH no, -►no, 0„H,01,N N no, 

—►NO, 0,H,ai, NO, 
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mtnte to dilute Bulphuno aoid It forraa white needlofl readily soluhlo m water, and is iiswl 
to prepare azo dyes. 

With KOH, ^lm>yld\asumxv,m hydroxxde forma a potassium compound, OaHo Nn OK, 
and hence behaves es an acid besides as a base, but os it cannot bo assumed that tJioso two 
funotionfl are exhibited to such marked extents by one and the some substnjioo, Haiit/noh 
supposes that, in aqueous solution, it forms a mixture of phenyUxcuonx'im hydrox%ile^ 

CeH5 N OH, ^ , 

J|| and eyn-dxazdbmzene hydrox^de, CgHg N N OH, so tlmt tlio goiioral 

reactions mentioned above would be explained thus 

CaHfl N N + H OH = HCl + OaHb N N OH -y CgHs OH + N , N 

I 

Cl 

None of the reactions referred to sbo\ e can be explained well without nsauimng tlio 
passage of dxaxonxum salts with pentavalent nitrogen into true dmzo ooinpounda with 
tnvalent mtrogen ( — N = N — ) (qu above) 

a DIAZOAMINO DERIVATIVES 

These contain the anunodiazo-group, — N = N — NH — , and aio yellow, 
orystaUme substances which do not combine with acids They are obtamed 
by adding to diazo-salts (freshly formed in solution) primary or secondary 
anunes, e g , aniline hydrocliloride , the separation of the yellow orystaJline niass 
IS hastoed by addition of concentrated sodium acetate solution 

CoHe-Na Cl + OA NHa = HCl + CflHfl NHObH^ 

To 2 mols of aniline and 3 mols of hydiocliloric noid, kept cool with loo, is 
slowly added 1 mol of sodium nitrite, the liquid being then prooipitated with 
concentrated sodium acetate solution 

They are also foimed directly from free anilme and nitrous aoid, in whioh 
case di^benzene hydroxide mu^ be regarded as an intermediate product • 

(а) CeHB im. + HN0, = H,0 + CBllB N, OH. 

(б) OflH^ Na-OH + OaHfi + NHOoH, 

With nitrous amd m acid solution, diazoanuno-oompoimds ore converted 
into diazomum salts, the remaumig animio residue, — NHCflH 5 , being diazo- 
tised 

CflHj N N NHCflHg + HNOg + 2H01 = 2IIaO + 2CflIlB HaOL 

When heated with aniline hydrochloride, dinzoaminobenzene solution yields 
ammoazobenzene, which is a colourmg matter from which others are derived. 
In this transformation, which is oommon to all diazoarmno-compoundfl, the 
aniline hydrochloride acta oatalytioally and takes no part in the reaction , the 
ammo-group is carried to the para-position with respect to the doazo group, or, 
if this IS occupied, to the ortho-position 

OflHe N N NHOaHs OaH^ N N OaH^-NHa. 

ntasoamhiobeiueiiQ AmlnoAiobeiUDao 

It has been shown by H Gtoldsdunidt that the velocity constant of this 
transformation moreases with the amount of the catalyst (aniline hydrochloride), 
and the oatalytio powers of the different amine salts are proportional to their 
degrees of dissociation m water 

4 HYDRAZINES 

These compounds are ohtamed by reduemg diazomum salts with a hydro- 
chloric acid solution of stannous •chloride 

CflHsNaa + iH^CflHa NH NH^, HO 

Ptafinylhydi&iliie liydioohlorldfl 
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TJie use of sodium sulphite in place of alaimoufl chloride gives first the 
iiazosulphonato, which, when treated with ziuo dust and acetic acid and aubse- 
mently boiled with hydrochloric acid, gives plienylhydrazuio hydroohlonde , 
ms salt separates out, being only slightly soluble in water and leas so in acid 

Tlie three stages of the reaction ore as foUow 

{a) OflHeNaCl + NagSOj = OeH^ Ng SOgNa + NaCl 

ninxoboiiiiinR i lilnrldn Hnilliiin dlaw>lK'niimKHnl[ilionntn 

(i) C„Hj Ng aOgNa + 2H = C„Hb NH Nil aOjNii 

Sodium plwiiylhyUmiliiraiUiihonato 

(c) C„Hj NH Nil SOgNa -|- HgO = NiiHSO^ + OaHj NH NH3 

inuinylliydnudne 

PHENYLHYDRAZINE, CgHg NH NKj, 1 h LIio niost Jrnpoifcani jnemhor of this group 
nd ]ias a baalo ohoraotor, foriiiiiig woll orysLolbsod flolts. It is a oolonrloaa, oily Uq^uid 
yhioli turns brown in tho an , it dissolves only allglitly in water, iiiolta ftt 10 6°, and boils 
t 243'* with alight deoonipoaition , it cliatila nnohanged in a ourioiit of Bfcoam, With oner 
;etio rodudng agoiita it forms aniUno and ammonia, and with oxidising agonta {e.g , chloride 
if huio) it can form dlazonium oompounds, hut usually nttroguii is ohmiiiated with forma 
ion of water and beuzoiio. It gives ohoraatoristio roaotioiia witli lacUniss, sugar a, aMeJiydes, 
jid kelonea (flee pp 240 and 2R3), and roduoos l?eliling’s aoliitioii m the oolcl 

With dikotonoa it forms ^henylosazones (am 524), and with nootoaoetlo ooid it 
orms phoiiylinothYlp3^razoloiie, from wluoh, by mothylation, aiUvpyr%iie is obtained 
Yith nitrons aoid plionylliydroFino givoa tho highly poisonous nUroso'phenyViydrazvTiSt 
)bHb N(N0) NH, 

Tho ooDStltutiou of phonylhydrozino is proved by tlio foot tliat nitroHomotliylanibno, 
N(0H3) no (obtainod from tlio soootidoiy ammo, mothylaiiiliuo, OgHg NH OHg, 
y tho action of nitrous aoid), on rodnotiou, yields (ts pheiiylmeihylJiydraz%7ie, 
IjN, N(0H3) NH,, which can also bo obtained from i»bonylliydrazino by tho action 
f motaUlo Bodium (this roplooea tho imbuo hydrogen) and subsoquontly of methyl 
)clide 

CeHa NH NH, 0^11^ N NH^ -> N NH, 

Na Clio 

Keplaoomont of tho aimnio liyilrogoii by an acid i*G8iduo yields hydraatdea (a and fi), 
'hioh give a reddish violot ooloratiou with Bidphiino acid and potassium ^Uohromate. Tho 
ydrazidea aie insoluble in water and may lioiioo bo used for the precipitation of soluble 
aids. 

DIPHENYLHYDRAZINE, (CoN 3 )oN NH,, is obtained by roduuing diphenylnitro- 
imlno, (OoH 5 )aN NO, in alkaluie solution witli ziuo dust and aootio ookl It la a base 
olbug at 34® almost without doooinpoaitioii, and oxidising rea<lily hi tlio air ; its salts oi'o 
nsbable It is iiiHohiblo in water and honoo reduooa Vohllng*s solution only sliglitly, 
70 U in the hot With oonoontratod aulphucle acid it gives a blue coloration. The 
otlon. of oxidising agonfn distinguishes it fi'om tho isomorio hydrazolionzono , tho latter 
ivoa azobonzeno, wlulst diphenylhydrazino yioltls in the cold totraphenyltetrazone, 
^oHb),N N N N(CqH(})u, and in the hot diphonylamliio and violot oolouilng matters 
fth abundant evolution of nitrogen With nitrous acid, hydroKobonzono forms nifcroso- 
envatlvos, whilst dlphonylhydrozbio, like other sooondary liydrazines, gives dlphenyl- 
Ltrosainine and nitrous oxide, 

BENZYLPHENYLHYDRAZINE, CgHg • CHa NfCflHj) NH^ is obtained fixnn phenyl- 
ydrazine and bonzyl oldorldo. Benzylhydraasine, OgHg GHj NH • NHf, boiling at 135® 
n vacuo), is also known 

p-NITROPHENYLHYDRAZINE, obtained from p-ultronlllno, forms yellow orystols 
ad IB a uBoful reagent for aldehydes and ketones. 

yS-PHENYLHYDROXYU^INE, CaHg NH OH, is obtained by tho gentle oxidation 
I anlHna or the oautlouB reduotion of nitrobenzene with zino dust and water, and forniB 
dourlesa oryatals melting at 81®. With aoida It gives p aminophenol, with oxygen as&oxy- 
enzene and with diohromate nitrosobenzeue. The a isomende, NH^ OOgHg, is of little 
aportanoe. 
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J ROMATIC ALCOHOLS, ALDEHYDES, AND KETONES 

In these compounds the primary alcohol group, the aldeliyde giuiip, oi the 
ketomc group forms a side-cham to the Lemsene uuclous and sliows nil tlie 
general properties of these gioiips Di- and tnhydnc alcohols aio also loiown, 
eg, PhthaJic alcohol (ortho) Xylylene alcohol (para), CflH4(0H» OH)^, 
Phenylglycerol, GqH.^ CH(OH) CH(OH) CHg OH 

BENZYL ALCOHOL, CgH^ CHj OH (diaoovered by Caum/j^am m w iwHUoriu 

with the oreaolfl, CHg OH, and is obtained by the iutorootion of bou/yl oliloildo 

Olid potaasium aoetate and subsequent hydrolysis of the aootyl donvativo lluia oljtoltuHl, 
or, better, by the action of aqueous potassium hydroxide on boiiHildoliydo 

2CaHfl CHO + KOH=CeH5 COjK + CflHa CHg OK 

The aJoohol readily gives benzyl ohloride when treated with JK\ On ox Illation It 
gives first benzaJdehyde and then benzoio acid, its oonstiLiition being tliiw ])nivi‘d It 
forma simple and mixed ethers and esters It differs from ohphatio akioliols by I'cainlfying 
with Bulphuno acid- It has the oharaotera of a true olooliol and is lienoo insoliililo In 
alkali (unlike the phenols) It is slightly soluble in aJooliol and boils at 200" 

Various higher homcHoguea ore known Tolylene alcohols, THg CgTIi OHg OH, 
Cumyl alcohol (jj ), C3H7 CbH 4 CH* OH, eto 

Styryl alcohol, CgHj CH CH CH^ OH, contain uig an unsatniatcfl side chain, Ih 
found as eater (styraom) In storai , it fonna aoioolor orystals with an odom of hyiunntli 

Wilii olcohobo potash aiomaUc aldehydes are pai*tly oxidiHcd aii<l ])ailly 
reduced, benzaldehyde, for instance, bemg converted mto j)otuBsiiim bonzoiito 
and benzyl alcohol 


2CflH5 CHO + KOH = CoHb COaK + Cellfi CHa OH 

With dimethylanilme or phenol these aldehydes give dciivativoH of tri- 
phenylmethane 


C0H4 OH 


OeF^ CH0 + 2CeH6 OH = HaO + CA Ch/ 

^H, on 

BENZ ALDEHYDE, CgHa , oooura In the Amygdalln, CfioHa7NOii, of hitti^r 


aJmonds in the form of a gluooaide It la a liqmd of plooaaiit odour and dwaolveH Hlluhtly iii 
water , it boils at IVG", has the sp gr 1 06 and oonstitutos biller ahnmul ml Wlum piim it 

forms crystals, m pt 26° I* oudises easily and forma oryntallliio products with liiHuIphitoH, 

while it oombmes with hydrogen, hydrogen oyanlde, eto , forimiig an oxlmo, a liydm 
zone, eta With ammonia It gives hydrobenzamlde, 30, H, OHO + 2Nt[, -= 3Hj() | 

(C,H, CH),N,. It IS formed by distilling a mixture of oalolum formate and beiiWMiUi and 
also by oxidiamg benzyl alcohol 

Until recently it was prepared mdustnally by heating honzylulono olilorldo under 
preasiii'o with milk of hme and oalcium oarbonate 


C,H, OHO, + Ca(0H), = OoCn, + 0,H, OHO + H.O 

By using catalysts (finely divided iron, eto ) Schulze found that this roaotion could bo 
rendered complete at low temperatures in. open veaaels, very pure hydroolilorio acid Itelnir 
recoverable Benzoldehyde may also be obtained by treating benzene witli a gaaooiM 
pT^ 126 monoxide and hydrogen ohlonde in presence of Cu.Cla or AlErg (Qor. 

Q ^ ^ discovered by Poner of the Badisohe Anllin und 

^oa-rabrlk (1887) and kept seoret for some years but published m 1898 lu the French 
Pe^t No 270,258 It oonaistB In shaking tolnene vigorously with sulphuric acid (62“ M ) 
aM ^du^y addi^ pr^piUted manganese dioxide, the temperature being kept at 40“ 
The benzoldehyde formed is free from chlonne and may be separated from the toluene bv 
a current of steam, or. better, by diluting the toluene benzoldehyde mixture with foii 
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tnncw ita wci^lib of wak'r and troatiiifi tlio liquid witli mdplmr dioMtlo uiitd about 20 por 
uonl is alisoibod In tliu wav ad llio aliluliydo piuitioa into Hulutiun (improvument on tlio 
iiBO of Rod in Ml biHiiljibibo) and oan bo dooantod from tho undisaolv^od toliiouo It la thou 
Buflioiont to lioat the mdiiluirouB Holntiun nlowly from 30° to 100° to Bhininato all the anlphur 
dioKido, wlnoh la |MiflM(d into a further iwrtiou of tlie aldohydo mixture After ooohng tho 
Hulntiun, alinoRt tlu whole of tlin boiL/alduliydo ia obtahiud in a puro Htato and tho motlini 
liquors aro ntiliHorl in HuooiHxling ojwratioiis no that tho ainall aiuoimta of aldohydo romain 
ing diaaolvod may not Iw lost. 

Oominorouil bunyaldoliydu and that for industrial uaos uoat liofoio tho wai about 3^ , tlie 
]Miro product about 4 a , and tfic ohomiually pure about Oa (kl por kilo JTor induatnal 
pur])oaes, it should bavu a spooiflo gravity of 1 052 to 1 054, and should distil ooniplotoly 
in a ourroiit of Jiydrogoii bobwum 170° and 180° Itn snlution in oonuont rated sulphuTio 
acid should bo only nliglitly brown and it sliould dissolve oomplotely in ammonium bisul 
phito Anv bonzoio acid prosenb oan lie titrated with phennlphthalom aa indioator It is 
iiHod mainly as oil of bitter almonds and in perfumery, and also for nuildiig dyos of the 
triphenyhnetliaiio boitob 

HOMOLOGUES OF BENZALDEHYDE ftio obtained by treating aromatic 
liydrocaiboUH with gnaeoiiH hydrogen clilondo and carbon nionoxido in presence 
of AIGI^ or CU2CI2 Tlie first product obtamod under thebe couditionH la probably 
formyl chloride, which then reaetb thuH 

X CoHb + C 1 CH0 = HCl + X CoH^ CIIO 

AldehydcH are uIho obtained from ethyl clUo]o\alato and aromatic liydco- 
carbouB m piewouco of AIOI3, the kotonic eater obtained being hydrolysed and 
tlie acid HiiLjocted to diy distillation m order to expel 00^ 

X CbHb + CI CO COOCaTlB = HCl + X CbH^ CO COOC2H0, 

X CflH^ CO C0002lIo = X CflH^ CHO + COg 

Tho action of HCl and HGN on aromatic hydrocarbons also yields alde- 
hydes, aldines being formed os mtermediato pioduots 

CgHe + HCN + HCl = CflHc Ull NH, HCl 

llDtunJilInn liyilroiihlorlilc 

ObHc oh NH. HCl + HaO =: CflHs CIIO + NH4CI 

CINNAMALDEHYDE, CH i CH CHO, is an oil of pleasant odour, boiling at 246° . 
it IB volatilo m atoain and is soporatod from eiiniamun oil, uf which it is tho chief constituent, 
by muaiiB of Hodmm hiuulphlto 

NITRO BENZ ALDEHYDES, NO3 CgHj CHO, aro prepared in vaiions ways. Tlio 
ortho oonqiound la obtained either fium 0 iilli'obunyyl uhlorldo or by oxiibsing 
o lubrotolueno It fun ns oolourliw crystals melting at 46° and with ocetouu and aaustiu 
noda loads to the synthesis of indigo 

Nitration of bniiKoldohydo yields mainly tho m ooinpouml, together wltli 20 ixjr ooiit. 
of the o deiivative 

CUMINALDEHYDE (Cuminol, Isopropylbenzaldehyde), CgH, CqH^ CHO, oocurs hi 
Roman cum hi oiL 

AROMATIC KETONES 

ACETOPHENONE, CgHg CO CHg, is obtained by distilling uolcluin aootato with 
caloiiini bonKoato 01, bottor, by tiTiatlng boiizone with aootyl ohloiide in iirosonoo of Aldg 

It forms oryHtalB molting at 20° and boils at 200° , lb diasolvoa only slightly In water, 
liaa a plooBaut Bmull, and is used os a liypnotlo under tho naino of hypnone On oxidation 
it glvos either bonzylformlo aoid 01 benzoic acid and oarbon dioxide , balogona give products 
Bubstitutod in tho aide chaui. 

BENZOPHENONE (Diphenyl ketone), CgHg CO CgHg, is obtaiuod either by the diy 
distillation of oaloiiim benzoate 01 by the action nf bouzoyl chloride on benzene in presence 
of AlClg Ita behaviour is similar to that of aliphatic oompounda, and with hydrogen It 
forms Benzhydrol, OgHg OH(OH) 0|Hg, and Benzoplnacone, (OgHg)! ^ 0 -- C ^ (OgHi)! 
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When fneed \vith potaaaitiJii hydroxide, it givos bea^one and poto^ajiun benzoate 
CjHo CO OeHj + KOH = OgHe + COOK 
Bonzophenone ezista in two modidoatiouB which differ physically on unstable fo 
in pt. 27“, and a stable form, m pt 49® 

DIPHENYLENEKETONE, | ^O, is the ketone corresponding with dlphonyk 

CiH*/ 

methane {see laier)^ and is obtained by hoatmg phonon throquinoae with lime With uaso 

CeHdV 

hydrogen it gives Fluorene alcohol, yOH OH (colourless scales, in pt 153®), a 

C,H,/ 

when fused with potash, Dlphenylcarboxylic acid, CoHg OgH^ CO^H 

Polyaoetonee, such as Ben^ylacetone, CgHg CO CH^ 00 OHg, and Acetopheno 
acetone, OgHg 00 CHg CHg 00 CHg, ore also known 

Condensation of benzaldehydo \vith acetophenone or acetone in presence of Na( 
gives unaatorated ketones Benzalacetone, OgHg OH OH CO CHg (m -pt. 41 
Benzalacetophenone {ohcUkone)^ 


AROMATIC OXIMES present mteieating cases of iHomerism {see pp 22 a 
253) Thus, Benzaldoxiine is known in two forms liquid cmti-benzaldoTiv 
which boils unaltered, and solid svnrbetizaldounie, which readily loses wal 

O0H5 C H = H ,0 + CoH, C 

(with acetic anhydride), forming benzonitrile 1 1 

N OH 

Under these oonditions the anti-aldoxime gives an acetyl-denvabive, so that t 
two aldoximes may be distmguiflhed in this way 

With Jcel<miifies two isomendes ore formed only when the two groups iiniti 
to the carbonyl group ore difierent 


X - 0 - X' 

II 

N-OH 

syn 

CoH, 

Thus, Bemophenonosume, 


X - 0 - X' 
and II 

OH — N 

anil 


O-OeH, 

II 

N-OH 


does not form isomeride 


which are, however, obtamed if a hydrogen atom of one of the benzene grouj 
ifl r^laoed by a halogen, alkyl group, etc 

The hetoxfimes show Beckmann’s transposition,^ m winch the laomerj 
Icetoximca, which have different melting-points, give riso to two differer 
substituted amides accordmg as the transposition takes place with the grou 
X or X' {see Note) 


^ The Beokmonn transposition is tba.t obtalnod with IcefcoxJmes in. general by treating thoi 
with aoobyl ohlonde or concentrated Bulphmio acid or, m some oases, merely by fusion TI 
oxymn of the oxime cliaiiges places with a radical united to the ketonio oorbon pving a substitute 
amide, an unstable, tautomeno, hydroxyl compound bdng probably formed as an iatermedmi 
product 


X C X' 
]| OH 


X C O 



The fitructure of the isomerlo syn- and onti oxlmos oan be determined by Beckmann's reaotlox 
Thus, if the above oxiine Is the anti-compound, the transposition with the syn Isomeride wonl 
be as follows 


OCX' 



X 0 X^ 
OH Hr 



AROMATIC HYDROXY- ALDEHYDES. ETC 677 

BENZALAZINE, C„Hb CH N N CH C,Hj, m obtained by the oondenflation of 
2 molfi of benznldehydo with 1 mob of hydrazine (sulphate), and forms yollow oiystals 
melting at 93“ 

BENZALDEHYDEPHENYLHYDRAZONE, C,H, CH N NHCgH,, forms oolouxless 
crystals melting at 132° and fonns Btorooisompndcs 


K AROMATIC HYDROXY-ALCOHOLS, HYDROXY- 
ALDEHYDES, AND KETONIC ALCOHOLS 

( 0 = aaltgenin ^tt I o = salioylaldchyde 

1 “l5H(m7l5%b’-pt 269") 

/OH 4 

CflH4<9£?s p = awt6aWe/»«dc CgHa^OOHj ^ vanilhc alcohol 

OHO ^ ‘^CH, OHl 


/OH 4 

CjIIj^OOHa 3 mniUm 
^CHO i 


The three isomeiio hydroxybenzyl alcohols are known, their melting-pomte 
being as foUows o-, 82° , m-, 67° , p-, 110° The most common of these is 

SALIGENIN (o Hydroxybenzyl alcohol, aee above), OH C,H4 CH, • OH, oooiirriiig m 
tho gluoofiids saltoiitf froni whioli Ifc cifl.ii b© obtEJnBcl by tho notion of oniiilsln, piycilin or 
dilute add (Piria, 1846) 

CoHuOk 0 O0H4 CHa OH + HaO = OH CeH^ OHa OK + C^Ki^Qt,{glwoae) 

It ifl Boluble in olcwliol, other, or boiling water and gives a blue ooloratiou with fomo 
ohlorido 

AROMATIC HYDROXYALDEHYDES, or phenolic aldehydes, are obtained (1) by tho 
aotion of ohloroform and oauatlo potash on plioiiols OflHo "I" 4KOH 4- OHOlg = 
3K01 + 3HaO -{- GHO OgH^ OK , or (2) by tho aotion of hydrooyanJo and liydroohlorlo 
aoids on phenols in prosoiioo of alumminm olilocldo or zinc oldoride, uUlwi liydroohloridea 
boiug formed os Intermediate products 

Witli difaoulty by oxidising agents, but readily by fusion with alkali, thoao aldehydes 
givo tho corrospondhig hydroxyoorboxyho aoids Thoy roduoo aminonlaoal silver solution 
but nerf Fehling's solultotu With alkali thoy give solnblo alkali phoiioxidoa whioh form tho 
alkyl derivatives of the phenols when treated with alkyl loclldos. 

SALICYLALDEHYDE (0 Hydroxybenzaldehyde), OH CqH^ CHO, Ja found lii tlio 
volatile oil of Spwma ulmarta Its synthosis by means of ohloroform is incboatod above 
Q*nd it IB separated from the p aldehyde formed at tho same time by distillation in steam, 
It is a hquld, b -pt 106®, sp gr 1172 at 16®, it dissolves to floino extent m water and gives 
a violet coloration with feme ohlorido Like all 0 hydroxy-aldohydos it oolouis the skill 
yollow 

ANISALDEHYDE (wee above) is obtained by the cautious oxidation of Anethole, 
GH3 OH CH CflHi OOHa, with diohromate and sulphurlo aold, tho aldehyde bomg 
distilled in steam and punfled by means of sodium bisulphite. It boils at 248®, has sp gr 
1 128 at 16®, and, owing to its strong odour of hawthorn, is used in perfumery 

VANILLIN, CflH3(OH)(OCHB)(CHO) 4 8 1 (m-Methoxy^p-hydroxybenzoldehyde), is 
found (about 2 per cent. ) m the pods or fruit of vanilla ( Vanilla plani/6l\a) ^ and as a gluoo- 

^ Vanilla is a climbing, herbaooous plant growing well In Mexioo, Rdunlon and elsewhere. 
The fruit is fleshy and oyllndrioal (16 to 26 om long) and oontolna a number of round black 
aeeds with a pleasant odour The frmt is gathered before It is timte rlpo, os otherwise the pods 
open and the seeds are lost Their vitality is destroyed by steeping them in water at 80® to 86° 
orplaolng them in an oven at 50® to 70® or in the sunlight The oo^es thus turn dark brojra 
and after being allowed to sweat for 20 to 80 days at 80® to 40® they become covered with a 
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aide (oorufenn, CieHs^Og + SHgO) in the aap of the conifers (Coni/cr*?!, Cj jEggOg + 21120),'^ 
in aapai'agus, in beet jiuco, in certain woods, m asafeotida, etc , it is also formed by oxicbsing 
tbe resin of olives 

It IB readily obtained artificially by treating clove oil with dilute alkali, which dissolves 
the ougonol and transforms it into laoeugenol, CflH3(0H)(0CHa)(CH CH CHg), which is 
then oxidised by ozone or permanganate. It forms slender white crystals which molt at 
81° to 81 6°, and subhme, and it bolls at 286° It has a strong odour of vanilla. Ckmsidor' 
able quantities of syntheLxe vanxUxn are now made by various processes, the details of which 
are kept secret 

By HCl at 200° it is transformed into piotooateohu aldehyde, the metliylono ctlior of 

CH CH 0 (X 

which constitutes Piperonal (hdxotropxn or artificial heho trope), | || 

CHO C CH C 0/ 

(in pt 37° , b pt 203°), coating before the war from IQs to 28^ jicr kilo, according to its 
purity Formerly it was obtained by oxidising ptperinxc acid {see Pipendiiio), bub it is now 
mode by oxidising xaoaafrale, prepaied by the action of alkali on aafrole. 



0-/\ 

OHj 


CH CHg 


BENZOYLCARBINOL, CgHj, CO CHg OH, obtained from Phenacyl bromide, 
CgHg CO CHsBr, forms stable, shining seales, and posaessos strong roduomg jiroperbios , 
The ooiTcaponding ooetonoldohyde is Phenylglyoial, CgHj CO CHO, analogous to pyruvic 
aldehyde. 


L AROMATIC ACIDS 

Like the aliphatic acicb*, these form salts, anhydrides, eaters, amides, etc , 
and give m addition other pioducts by substitution in the benzene nucleus 
Here, too, the characteristic group is the carboxyl, COOH, and the acids 
may be either mono- or poly-basic according to the number of carboxyl groups, 
this being indicated m the name 

CeHg COOH CflH4(C00H)a CflH3(C00H)a Cfl(COOH)fl 

Bansolu Arid Flitluilln orldn HoiixonohimrLoxylln nnlds MoIlIfcU' luiltlA 

fbonMnonarboxyllo or (benameriloirboiyUo or (bonxoHQtrliiioHuinoIu aHdri) (iHinKonolioxmarhnxyllc or 
bocxoiiomothADOlu add) beuxonedlniotbanotr nolda) ItonzonolioTAiuntlianoIn aalda] 

Aromatic acids with imsatuiated side-chains are also known, these behaving 
like imsaturated aliphatic compounds 

C,Hb CH CH COjH CHg C C COgH 

t1nnaml(B acid niujijlproplolto a«lil 

There are also various acids denved from the hydro benzenes, with charactois 
resembling those of aliphatic oompounds 

Aromatic hydroxy-acids with a hydroxyl gioup m the nucleus behave partly 
like phenols and partly hke acids, and are analogous to the aromatic alcohol- 
acids conbamuig acid groups and true aloohoho groups in the side-ohains 

oryatalUne. porfnmocl powder Tliey ore then tied up m bundlea of 60 and sold in boxes iiolcUna 
8 to 10 kilos Of Inferior quality are the smaller fruit and those from the Antilles BrozlJ and 
Guiana They are used for pastry, liouors, perfumaa, and ohoeolates. * * 

^ Oomfcrin,m pt IBSMsagluooslde of the laroh having the oonstitutlon OH CH, CTI OH 
'^0 CHij [CH OHJi CHO -f- 2HaO It la lievorotatory and yields glucose and ooniferyl 

bCHg 

aloohol, OS OHg C?H CH^ ^OH, when treated with a dilute aold or omnlsln On 

OCHb 

redaotion it gives eugenol and glueovanxOyl alcohol, whilst on oxidation It forms flrst^/ucowaniT/jn, 
CrlOt^ ~ ^-—0 CHj [CH OHl^ CHO, which gives vanillin on hydrolysis with dilute aold. 
' bOHa 
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111 cncli of the aliphatic acida a hydiogeu atom oau be replaced by a benzene 
lebidiio, giving aromatic acidw of tlie acetic acid eeriea (rt q , PhenylacetiC Acid, 
CoHg GHq OOgll) and of the glycolhc and Hucoinic hoiioh, etc 

lu general, aromatic acidb are crystalline and only sliglitl^ soluble in water, 
wliilu they ai e often Holuble in alcnliol or cthci The more Hiinple ones Hubhmc 
oi distil unchanged and lime CO^ only on distillation with soda-linio, this 
occmring with the inoie complex acids simply on lieatiiig Thoir alkalmo salts 
aie soluble in watoi, but the acids are precipitated in tlie fioe state on addition 
of a iiiiuouil acid 

GENERAL METHODS OF FORMATION («) When liydiocaibons 
homologous with benzene ace oxidised, each sido-chaiii, no inattei what its 
length 01 nutuie, yields only a single oaihoxyl group attached diiccfcly to 
tlic bon/,ene nuolcus WJion several lateral chains arc present, dilute nitric 
acid ()\ides them gradually, whilst with olnomic acid they aic all oxidised 
togclliei Oflir, OH^ gives CoH^ CO^H , gives COaH , 

CflH. CH Oil COaH ^ives O^IL COJI , CaH4(CH3)3 gives 0aU4(C03lI)3 
Of the diHubstituted doiivatives, the ert/io-compoimds are o\idisod very easily 
and do not give c-arboxyls unless the oxidation is caiTied out with great caic, 
cflf, with dilute nitric acid oi ponnonganate , pfl?a-dorivativeB oic leadily 
oxidised by chromic aoid and the fnetor less leaclily Oompoimds contamiug a 
negative group, oven OH, in the o?y/w-position are not oxidised oven by cliiouuc 
aoid 

(6) By oxidising pi unary alcohols and aldehydes m the usual way 

(c) By liydiolysing nitnlea CqHb ON + 2H^O = NHj + OOOH 

The miriles arc formed by distilling, eg, potiVBsiuin pliouylBulphonato, with 
jiotassmin cyanide or terrocyonido OgH^ SO3K KCN = KjSOg -h 
GgHg CN (bcnzouitiile) 01 from the chlorides of compounds with side-chains 
CgHg CH3CI + KCN = KCl + OgHfi CHa CN (benzyl cyamde) Nitriles 
can also bo obtained fioni pnmary amines by diazotiaing and subjeoiiiig the 
diazo-compounds to Saiidmoyor’s reaction (acc p 670) , also from the iddohydiis 
by way of the oxmies {see p 2^10) 

(d) By the action of COg on monobromolienzone in presence of sodium 
(Kekiild), or by treating benzene or its honiologuos witli phosgene (COOIa) 
in presence of AIOI3 (Friedel and Crafts) 

CflHgBi + COa -f- 2Na = GgHg GOONa + NaBi , 

GgHg + COOla = HCl + OJIg CO 01 (which, with H3O, gives the acid) 

(c) Phenolic acids aio oblamod by the action of OOg or OCI4 and alkali oil 
mlmm ides 

C'oHb ONa-l-CO, =C„H4<2i^ONa 

OoHb ONti H- CCI4 = H- NaCl, luirl 

0eH4<cJ[^ H- 4NaOH = 3NuCl + 2HaO + 0on4<coojj^ (pam) 

If chloroform is used m place of carbon tetTadiloiide, ortho- and pnra- 
hydroxyaldohydos are obtainod 

(/) The syntheses with ethyl aceloacetato or ethyl nialonate are analogous 
to those of the fatty sorica [see pp 868 and 397) and are carried out with phenols, 
derivatives mth halogens in tlie side-cham, etc. , oomplox kotonic acids ore 
obtained which undergo both the acid and the ketonic docompositiou 

Ar<ymaLic acids vnlh umaturated side-chains are obtained by the luotliods 
used for aliphatic unaafcuratod acids, or by Perkin’s reaction [see p 362) between 
fatty acids and aromatic aldehydes m presence of acetic anliydride, which 
removes the water formed , 
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OjHj CEO + CH 3 COiiNa = CaHe CH OH COONu + IlaO 

Sodium aoetato 

With substituted benzaJdehydes a varied senes of unflaturatod aromatic acids 
can be obtained 

Also benzal chlonde and sodium acetate give unaaturatod acids 

CcHfl CHCla + CHa COOH = 2HCa + C0H5 CH CH COOH 

(laiuvmlo odd 

Ethyl acetoacetate and also maho acid act on phenols m presence of con- 
centrated Bulphuno acid, giving anhydrides of unsaturated phenolic acids, c tj , 
yCH CH 

CflH4<; I icouimrm) 

^0— CO 

(a) MONOBASIC AROMATIC ACIDS 

The iflomensm among these compoimds is siinilar to that of the halogen 
denvatives of aromatic hydrocarbons. 

BENZOIC ACID, C0H5 COOH, is found naturally m various rosins (cj g , 
gum benzom) and m b^om of Tolu, from which it is obtained by sublimation 
or by heatmg with milk of lime It is formed in the urmo of horbivoioiis animals 
as Hippuric acid, which gives glycocoll and benzoio aoid on putrefaction or when 
heated with acid or aJkab It forms white leaflets, sp gr 1 292, melting at 121 4°, 
and boils at 249 2° , it sublimes at 100° to 120° and distils m steam It has an 
irntatmg odour and is soluble m boiling water ; its alkali salts crystallise well 
(Cj^Hg CO^ + iHjO) and dissolve m water 

It ifl prepared mdustrially by converting toluene (from light tar oils), by 
means of chlorme, in presence of a httle powdered iron, into benzenyl tiichloridi^, 
0, Hg CClg, and Wtmg this with milk of hme imder pressiue 20flHg CCl , -I- 
4Ca(OH)2 = SCaClg + (CgHg COO)aCa 4H2O (with traces of chlorobon/oio 
acid) Instead of being treated with lime, the benzenyl trichloride may bo oxi- 
dised directly with dilute mtrio acid, m vesseJs fitted with stiirors, as long ns 
hydrogen chlonde is evolved, the benzoic acid being then distilled, allowed to 
orystaJlBe, centanfuged, and purified bv subbmation JesBrntzer (Ger Pat 
286,489 of 1910) proposes to oxidise with calcium hypochlonto mstioad of with 
mtno acid 

Benzonitnle, CgHg ON, found m the middle tai oils, gives juuo benzoic 
acid when hydrolysed (Ger Pat 109,122) 

According to Ger Pat 136,410, benzoic and phthalio acids are readily 
obtainable by heating naphthol or other naphthalene denvative with fused 
or dissolved alkab in presence of metallic oxides (MnOg, OuO, FcgOg) , th(i 
benzoic acid is separate from the mixture by distillatioii 

USES Benzoic acid is used m medicme, m makmg certam anilme blues of 
the anthraquinone dye group, m the seasoning of tobacco, m printing textiles, 
and for preserving foodsbufe,! althou^ ifc baa not been shown to be harmless 
when used m this way , expenmenta made m the Umted States in 1910 showed 
that doses of 1 grm per day of benzoic acid or sodium benzoate have no m]uriouR 
effect It cost about 3s to 4^ per kilo before the war, and as much as 325 
dunng the war 


BENZOIC ANHYDRIDE, (C^Hg 
benzoyl ohlonde 


CO)qO, 18 obtained by heating an alkali benzoate with 


O0H5 COgNa -h Oa®5 ^ = NaQ -|- (CgHj 00)^0, 

1 Of the varioufl methods for detecting benzoic amd in foods, the following may be mentioned 
Aooordlng to Jonesoa (1009) the presence of benzoic acid m m\lk may be Siown by oonvertlnjr 
It into W mean^of 8 per cmt. hvdrogen P^de dfluted ton times, anef^then testing 

for salioylio amd with fer^ chlonde solution (sp rt 1 M) diluted ten times (as m the examination 
of beer) In the oase of huUer or margartne this u addlHed with sulphuric acid and dlaWllfid 
with steam, the distillate being tested as above (sea olaQ SidloyUo Acia]r, 
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Fonnuin 


OflKs OOgll 
tHa tieiu c()2H 

CoHa LHfl iJOpir 
tflHaCtiCaJa nfaH 


Calls cna oogn 

ObHs 0H(CH5) 

CbHb rflTr4 cogH 

C0Ua(CHjia t’OaH 


O3H7 Ciik4 OOoU 
CaH(CH3)4 COaft 

ae(OH3)L CIObJT 
Cfllfo UH CH rOflH 
CaHa a OH^) cOaH 


ObHb 0 O tUoU- 
OH C%H4 oh CH 

OH CbH4 6 O 2 K 


coaH 


OHsO OlCi CO2H 
Olla OaHaCOH) cuaH 


OH t!0H4 OHz CKo OOgH 
CaHa OHfony oOoH 
OjHs OHCOTTg OH) OOpH 
CaHa CO c^H 


OsHa(OH)a coaH 


HniiiL 
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iHodureiioflurbuxylln ,, 

Duronocnrbnxyllu 

Pontniiiothylbniiiuili 

Cluiuiuilc 

AfTllplU 

Phnnyliiruplull * 

o-Coiimnito 

V 

o*]Tydruxylionxuln (Halliiylli.) 

m .. 11 

P » I 

AiiMu 

0 HydroxytoLiiln 

m I, 

P 

S m , 

ydro-w wmiiiadp 
Mandnllu 
Tn)p|p 

BoiixoylfornLc 
llonxnyliicotld 
Pnitonitflotiiila 
Ornclllnlo (1 Dinthyl 1 
ii-uirLMacyllr) 
aQllla(J 4 Tj trlliydnncybciiKonuonrljiucyllo} 


n clUiyOrfixybrnizniiQ 
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or, aooording to Gor Pat 146,090, by heating iioarly 2 porta of aodltun ohloroauJiilionate, 
01 SOgNo, wifyli 3 porta of aodiuni benzoate , by oboiigiiig thoao proportioufl, beuzoyl 
olilorido {aee below) may bo obtoiTiecL 

In tho cold it ifl not decomposed by waior, but on bolllug it gives bcnzoio odd 
BENZOYL CHLORIDE, CgHg CO Cl, is fomiod by tho acitiou of PQl^ or FOQl^ on 
bonzoio aoid, and is obtaiuod industrially eithor by the action of olilorino/on bonzoldebydo 
or from soclium oliloroaulphouato {see above, Benzoio anhydride) It la a oolom^less liquid 
whloh boils at 104“, oucl has a very puugeiit odour Water deoomx>oeca it voiy slowly In 
tlie cold (dlstinotlon from aoetyl ohlondo), giving hydroohlorlo and ^benzoic acids It 
reacts readily with many compounds 111 alkaline solution, Introduolng luto them the 
benzovl group (Sohotten and Bauxnann’a method) For instonoo, a mixture of benzoyl 
chloride with a little potassium hydroxide acts in tho oold on aniline, forming BenzaniHde, 
OqHb NH CO CgHj (white oompound, melting at 168°, and boiling unaltered) With 
hydroxylaimno it gives Benzhydroxamlc acid, CeHa CO NH • OH, which gives a violet 
coloration with ferno ohloride 

Benzoyl ohlonde is used in the preparation of benzoldehyde and of vonous dyes 
ETHYL BENZOATE, CgHg COgCgHg, has on odour of mint, and Is obtained by heating 
benzoio aold witli aloohol in presenoe of sulphurlo oold 

BENZ AMIDE, CgHg CO NHg, is obtained by tho action of ammonia (or ammonium 
carbonate) on benzoyl ohloride, or by the interootioa of sulphurio add and benzonitrlle. 
It forma nacreous erystols melting at 128“, and is soluble in boiling water It forms metolllo 
danvativea more easily than aeotomide. 

Dibenxamlde, (CgHg CO)g NH, melts at 148“ 

VOI. IE 
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BENZHYDRAZIDE, CgHg CO NH 
benzoic eater , with nitrous acid, it gives 

BENZ AZIDE (Benzoylazoimide), C 


NHg, IS obtained from liydro/ino hvdiat<^ and 


CO 


N<; II, 


wJiiuh iH imdilv livdnilyw’d, 


giving hydrazoio and benzoic acids. 

HIPPURIC ACID, CjHj CO NH CHg COjH, is obtained by boating benzoic anliy- 
dnde with glyoooolL It occurs in the unno after ingestion of benzole acid or toluciio, and ih 
jfound m oonaid^able quantities m the unne of horses and otlior herbivorous aniiiwilH It 
forms rhombic arystaJs melting at 187°, and is soluble in hot water 

CHLOROBENZOIC ACIDS, CgH^Cl CO^H The halogen enters intiforably the im^U 
position,^ and mtrio acid (m presence of concentrated sulphunc acid) givm mainly ni Nltro- 
benzolc acid, NOg 0gH4 COjH,® which, on reduction, yields Azobenzoic acids and Amino- 
benzoic acids, NHg CgHj COgH The latter, like glycine, exhibit tlio functionH of both 


acids and bases 


N N 

with nitrous ooid, they form Diazobenzolc acids, C'oH 4 <; >• 


Polysubstitut-ed benzoic acids, having tho substituents (Cl, Bi, NOg, OHgi COglf, iJto ) 
in the ortho-position with respeot to tho carboxyl, give no esters when ti'catod witli alcohol 
and hydrochlono aoid, such acids being hence separable m this way 

ANTHRANILIC ACID (o Aminobenzoic acid), NHg CgH 4 COgH, sorves fur making 
synthetic mdigo and many azo colouring matters, drugs and perfumos, especially thiu 
B^oyho acid and methyl anthranilate, b It has m -pt 145° and sublimos readily , it lias a 
very sweet taste and, when distilled, decomposes into COg and amliuo. 

Its formation by the mtramoleoular transposition of o-introplienol is of iiitorest, although 
it IB not of praotio^ utihty It is best obtained by treating phthaliniido witli tho thooroblcal 

. 00 \ 

proportions of aodium hyiwolilonte and caustic soda CgHy yNII + NaOCl -|- 3NaOH 
*= H|0 -h NdCl + NogCOg + NHg CgR* COgNo. It forms ou Intornal anhydride, 
termed anihranil, I 

Of the dlbasio Sulphobenzoic adds, CgH4(S0QH){C0gH), tho ortho isomerldo is of 
mterest, sinoe its muno derivative forms SACCHARIN (& BonzoIcaulphimlde)i 
SO 

CaH4*<^Q*>-NH, whioh is a white crystalline subatonoe exhibiting marked pliOHiihoniaconuo 

when its csryatals aire fractured. It melts at 224° with partial decomposition, and subllineH 
unaltered m a vacuum It dissolves slightly In cold water and to a greater extent in cold 
alcohol , its heat of combustion is 4761 3 oals 

Saoohann is about 660 times as sweet as sugar but is rapidly ebmlnated unchanged fi^om 

^ 0 Ohlorobettioio oetd, m. pt 140°, b pt. 287°, la formed in approolablo amount as a bye* 
product in the manufacture of banzaldehyde (ace p 674), one woiks oloiio iwouniulatlng 30 tons 
Lq. a few years A few years ago Mcttier aucoeodod m tronaformlng It into an excellent <iolourlMg 

✓ * - — s 


‘Cl, 


malter, Bnochromoflamne A, C.HiCa CO,H + HNO, —*■ NO,<y — ► Nil,/ \ 

^ CO H ^ ' C() H 

which on di ozotiBa tlon and couphog with salloylio amd gives an oeo dyostuE of libtlo Vftfup, 

namely, 01^ y — ^Ng — ^ '^OH, when the latter ia heated at 136° witli potash and 

CO^S^ ^ — eOgH 

a little copper oxide, it gives ertochromoJlatnnoT azoaaheyUo aold, OH^ <’ >OH 


‘ m Nitrobentoic oouZ, m pt 
. IW, 


CO^ 




... , pt 144°, ep CT 1 404, mvea, on rodnotion with iron and acetic acid, 

fn-djfwwD&nanc acta, m. pt 174 , ro gr 1 61, which la uaed In making azo dyeatufifa. 

3 TnnUi^en^ie oeid melts at 210 with evolution of 00 g and formation of trlnltrobonzeiio, 
and is obtained bv ondiainu tnnltrotoluene with either nitric and sulphnrio aoids, or nitric aoid 
and m^ium oh^to. or chromic and sulphurlo adds. When boiled with water it ia converted 
oon^etely into trlnitrohenzene. 

^ Methyl anlMaTfaU hoa m pt 24 fl“, b pt. 136 6°. ooouib m neroU ond jesaaralne oils, and 
has a pronounced odour of orange blosBoma and mandarins, « 
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the ammaL Hysbom lb bohavus oa oil ojiorgotio aold, buiug able to doooinxwBo oorbonates 
and acetates, fonning waits, id I of wliiuli aro voi-y sweet , ilio soduim salt, CQH 4 <^^^*]>.NNa 

(jL) 

-f 2HgO, Is used oa a wweotuniiig agent owing to its solubility in water It was disoovorod 
aooidontally by Fahlberg and Reinsou iii 1870, bulug obtoiaod by the oxiclatiou of o-toluene- 
gulphainido, SO> CjHiMo. Its moiiufaoturo was giodually improved by Hompol 

and especially by Heyden, and the pnco fell to 12fl poi Icdo boforo tlio European War ^ 

Paul (1020) found that the Bwoetoiung power of Baoolmiin may bo iiioroasod by admix 
ture with oerbaln other substanaos, such as ihilcxn, NHq CO NH OC^Hg, in -pt. 

173°, whioli is obtamod by lieatuig urea With p plienotadino aud is itself 200 thnoa os sweet 
as sugar 

In large doses bocoIiotiu lias an nutifcrmontativo action, but it is harmless in tlie amall 
amounts usually uitrodiiood mto foods. In somu oouutncs its use has boon lU'ohibitod for 
Rsoal or supposod Iiygionio n^osona An International Convention at Biiissola in 1000 
passed a resolution that all oountnos sliould prolubit tho iiso of saoeharhi in foods and 
boverogoB and plaoo soveie rcstnotioiis on its solo. 

f 

TOLUIC ACIDS^ CHg CoH^ COOH Tlie three isoinorides are obtained by 
DXidjsmg the ooiTeapondmg xyloues witli dilute nitrio acid {see Table, p 081) 
p-Tolmo acid is formed also by the oxidation of tuq^entme 

Phenylacetic add {a-Tolwio acid\ Ogllg OHa OO^H, is isoinerio with the 
boluio acids, but it gives benzoic acid on oxidation, wlieieaa the ioliuo acids give 
Djulialio acids 

XYLIC ACIDS, CoH 3 (CHa)a 'COaH , vaiioufl iflomendea are known {see 
Table, p 681) 

CUMINIC ACID {2) Isopropyl benzoic acid), CgH, CgH^ COgH, is formed In animal 
)rgamBmB by tho oxidation of oyinonu, and is obtained by oxidation of Roman ohaniomilo 
)il with permanganato It melts at 117° and yiolda oumone when diatlUod with lime. 

CINNAMIC ACID, CgHg * CH CH • COjjH, ifl found in Htorax and in certam 
Dolfioms (Tolu, Peru, etc ), end romauiB as Bodiuiu salt when these ore dietiUed 
vith caustic Boda, It is prepared according to Peikiu's synthems (p 352) by 
leatmg bonzaldohydo with sodltun acetate in presence of a dohydratmg agent 
acetic anhydride) , or by heating beuzylidene clilorido (benzal chloride) with 
odium acetate in an autoclave at 200“ , or by the nialonio ayntheBis from 
)onzaldehyde and ammonia 

CflHB OHO + C!Ha(OOOH)a = HaO + 00a H- CeHs • Old . OH ^OOJI 

Gmnaniic acid melts at 133° and boils at about 300° It readily foims addi- 
ivo products owing to the double hukmg in the sido-oham, and on tlus account 
Jbo reduces permanganate in piesence ol sodium cuibonale (Baeyei'*H reaction, 

• W7) 

According to theory, the prosonoe of tho double Imkmg sliould result in the 
xistenoe of Wo stereoiaomeridos 

CuHb 0 H Callfi O.H 

II II 

H G-OObH COall (!) H, 

ut, m addition to these, two others, Allocinnamlc (in -pt 68°) and Isocinnamic 
cids (ra -pt 58° to 62°), ore known and have been studied by Liebermann, 

^ Tho method now used for making saoohoiin la oa follows i pure toluene is treated in tho 
lid with ohlorosulphoido ooid, a mixture of toluene ortho (80 per oent*) and para* (60 per oont.) 
ilphoohloridea being ODteineA mixture of aulphoohloridLoa is oooled to a low temrarature 
id oentirlfugod to separate the omtallino paia oompound (m.-pb, 00°) from the liquid ortho- 
impound, whloh dlsl^ unaltered in a vaouum at 12V and has the sp ^ 1 8443 at 17° By 
eatment with ammonia the latter Is oanvertod Into o toluenesulphanude, which is oxidised 
r permanganate to the salt of o-bensenesulphaTninio . the ootloa of an aold 

L this then results in the fonnatlou of'Baooharln. The oxidation of tho sulphamide may also 
I efleoted by means of dlohromate and salphurlo aold. 
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Michael, and Erlemneyer, ]iin Bulmann (1909) ehows aUooiimamic and 
two ifloonmaroio acids to be merely trunorphouB modificationH of one and t]io 
BEune chemical individual — the cis-aoid — bo that they are identical in the fuHod oi 
dissolved state Previous failures to separate the three orystallme foiitiH wore 
due to the difficulty of excluding minute crystals of the commou form from the 
solutions , this was finally overcome by the use of cotton-wool plugH 

Cinnamic acid coat before 1913 16s per kilo, and it is used in inodioiiio and 
m the Bynthesia of various perfumes 

PHENYLPROPIOLIC ACID, CeHj C C COgH, is obtained by boating the dibroinldo 
of ethyl omnamato with alooholio potash 

CflHo CHBr CHBr CO,C.Hb + = 2EBr + CflH. 0 C OOgH -h OH 

It forma Bhmmg needles which melt at 137° and readily subllmos. Its sodluin salt is uw'iT 
m 1 to 3 per oent solution as an inha.ln. tiQn m oases of tuboroulosis, and oohL £4 por kilo 
prior to the European Wax o Nltrophenylpropiobc acid, obtained iii a simdar inaniiur 
from ethylo mtrooinnamate, is used m the synthesis of Indigo 


(6) DIBASIC AND POLYBASIC AROMATIC ACIDS 


The basicity of these acids is given by the number of carboxyl gioups, and 
the phenomena of isomenam arc sumlar to those of the dihalogonatcd deriva- 
tives The carboxyl groups may be united directly to tlie benzene hucIcuh oi 
to Bide-chams, and by means of them esters, amides, acid chlorides, etc , can 
be formed 


PHTHALIC ACID (Phenylene-o-dicarboxyhc acid). w 

obtamed by oxidising compounds with two lateral chains, but not by ohioniic 
acid, which would partially destroy the benzene nucleus 

At one tune it was prepared mdustnally by chlormatmg naphtlialeno and 
then oxidising (Laurent), but for some yeaj;p it has been obtitiinoci mori^ 
oonvemently by oxidising naphthEdene with fi rmin g sulphuiic aoid in prc'sence 
of mercury salts or, better, rare earth salts (thorium, etc ), which act as cabilysts 
This catal^o process, which is due to Sapper, allows of iJic r(joov(uy of 
the whole of the mercury, while the suljihur dioxide evolved is converted again 
into sulphur tnoxide, so iiiat the oxidation of the na;phthalene may be i egardud 
as bakmg place at the expense of the oxygen of ihe m Thw ooononucal pi oc(»hh 
has rendered possible the mdustrial preparation of artificial indigo 

The process of fusing naphthols wiwi aLkali in presence of metallic oxides 
also seems to mve good results and yields benzoic acid at the same time (acc 
above) According to Ger Pat 162,063, the electrolysis of naphthalene m 
presence of an acid solution of a cenum compound yields naphthaqumono and 
phthahe acid 

Wh^ phthalic acid is substituted m the ortho-position, that is, adjacent to 
one of die carboxyl groups, only one of the latter can be estenfied 

It IB a white, crystaJline substance soluble m hot water, alcohol, and ether 


It melts at 213® and is then transformed mto Phthallc anhydride, OoH4<qq>0, 


which melts at 128® and boils at 277° 


, but flubhmes considerably below this 
temperature , the anhydride has a characteristic odour and gives phthalio acid 
when boiled with wato ^ 


Wath pa,, phthalio amd gives Phthaiyl chloride. C,H,<^>0, whloh givee Phthalide. 

CHb R ) 

CO o*i«dT,otK.n. andPhthalophenone. C.H,<^>0.'wlthben>!ene (+ Aia,). 
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When lioated with phonola and eulphurio aoid, phtlmho anhydrido forms pWudeMiSy e,g , 
PH 0H)3 

0aH,<2^>0 + 2C.H, OH = H^O + CsH,<^q>0 [vl^pliOwletn) 


Phenol phtbolein is a yellow powder and, being a phenol, dissolvos in alkali, the solution 
having a violet red colour (it forms an exooUout indicator, aee Vol I , p 100) WJion 
hoatod witli rasoromol in presence of zino olilorido at 210°, phthalio anhydride yields 
Fluorescein (resorcxnolphUwltin), 




OoH„(OH) 

0eH3(OH) 


> 0 , 


wluoli, oven In very dilute alkaline solution, shows an intense grooiush yellow fluoi’esoeuco, 
whilo by transmitted light the solution appijojs reddish {aee Trlphonylmotliane Dyes) ^ 

Tetrabromofluoreaceln, or eoaiHt gives alkaJiiio solutimiH showing a marked reddish 
green yellow Euorosoeiioo, and is used for dyeing silk led, produolng a beautiful lluorosoent 
offoot , the colour is, howevei, nob very stable, ospoeiolly towards light. 

With dry oininoma in tlio hot, plitliallo anhydride gives Phthalimide, 

whioli is of importonoo sinoe the inuuio hydrogen can be roploood by metals and the latter, 
under the aotion of alkyl halidos, by alkyl groups The oompnunds thus obtained, when 
heated with acid or alkdi, yield phthalio odd and a pnmarf/ amme free from secondary or 
tertiary amine (important general synthesiB of piimary aminea, disoovered by Gabnel) 

CaH,<^°>NK + OgHsEr == KBr + a,II,<°°>NC,H„, aiid 
O.H4<o2>NO,Hb + 2H,0 = NH, 

Phtlialio aoid ib nflod in the Bynthesifl of indigo and of dyoH of tlio pyionino 
group, and is usually placed on the maikot as the anhydiido (althou^ called 
acid) at a pre-war price of £00 per ton (06 per cent strength) , ohomiodly pure, 
it cost is per kdo 


ISOPHTHALIC ACID, C8H|(COBH)a(l 3), Is obtained by oxidation of colophony with 
nitrio acid, or, lu general, by the oxidation of moto-clorlvativos of bonzouo Tlio barium 
salt IS soluble m water 

TBREPHTHALIC ACID, CBH 4 (COaH)ji(l 4), is foimofl by oxidising oil of tuipontino 
or oliamomilo oil, or by oxidiaiug p toluio acid witli pomuuiganato It is almost insoluble 
in water and alcohol and suhlimos uuohongocL 10 gives a sparingly soliiblo liorlum salt, but 
does not form on anhydride 

POLY BASIC ACIDS The tn-, totra-, jwnta-, and lioxo-oarboxylle oouIb are known, but 
are of little prootioel impoTtanoe. 

Tlie Benzenetrlcorboxyllc Adds are. Trlmealc acid (1 3 6)^ donvod from mealOylono , 
Trlmellitlc acid (1 2 4), obtaiued from colophony, Homlmellitlc acid (1 2 3) 

The Benzenetetracarboxyllc Aolda are Pyromellltlc add (1:2 4*6), molting at 204° , 
Prehnltic add (1 2 3 4), molting at 237° and forming an anhydride , Mellophanlc add 
(1 3 4 5), which molts, and is oouverted into anliydiido, at 280° 

MELLITIC ACID (Benzenehexacarboxyhc acid), Cg(COOH)a, Js obOainotl from melhto, 
whioh IB a kmd of mmorol found in deposits of llgni^ and oonslsts of yellow, quadratic 
oolahedra of aluminium mellltato, Cq(COO)bA1b + ISHgO. 

MelUtio ooid may aJso be obtained by oxidising wood ohai*ooal with alkaline pormaii- 
ganate. It forms needles Insoluble in water and alcohol and, when heated, loaos 2 H 2 O and 

1 4 

200^, forming PyrotnelUtic anhydride, 0<;QQ>CaHg-<QQ>0, which give.! PyromelUtlc 

s 5 

add, 0 eHB( 00 BH) 4 , with water 

^ This property u some times utilised to aaoertoln If nndergroimd watoroourses oommunloate 
(rJth one another and to defceot InSltratloas into wells, 
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, MeUitdo acid oaonot form substitution products, siuoe all tlio bonwno liydrogons an 
already substituted, but on reduction with sodium amalgam it roadily yields Hydromellitic 
acid, CeHB(COOH)a, which gives benzene when distilled with brae 

(c) HYDROXY- ACIDS OR PHENOLIC ACIDS 

These are formed by the methods given on p 679 or hy oxidising homologuee 
of phenol or fusmg them with olkah The basicity is given by the number oi 
carboxyl and phenolic groups, both of these leading to salt-formation, but the 
basicity towards sodium carbonate is determmed by the carboxyl gioups alone 
When both the carboxyl and hydroxyl groups are ethorified, only tlie formei 
can be subsequently hydrolysed 

SALICYLIC ACID (o-Hydroxybenzoic acid), OH C 0 H 4 COOH, is the most 
important of the hydroxy-aoida, and was discovered by Piria in 1839 and pro- 
pfiured m 1885 by treating sohc^laldehyde with alkali 

Kolbe estabhflhed its constitution m 1863 from its ready decomposition into 
COa and phenol, and m 1860 synthesised it from these products in prosenoc ol 
metalhc sodium 

It IS derived from sahan (gluooside of willow bark), which, when hydrolysed 
first gives glucose and Saligemn 

OH + 

Salloln Sollycnilu Glnuoae 

the Balagenm giving sahcybo acid on oxidation The acid is found as motliyl 
ester m the essence of QaiiUheria mociinibens 

It is prepared industrially by heating sodium phenoxide with carbon dioxide 
m an autodave at 140®, according to Kolbe’s process , from the roaulting sodium 
salicylate the acid is liberated by treatment with a mineral acid In Maraaso’s 
method a mixture of phenol and potassmm carbonate is heated in prosoiioe of 
COg at 140® to 160°, but the yidds are very low Only later, when the conditions 
of lie reaction were studied, the yields and quahty of the product improved. 

By the action of COg m the hot, sodimn phenoxide is converted, to the extent 
of one-ha]f, mto the sohoylate, NaO 0 flH 4 COgNa, whereas potasaiiun 
phenoxide yields the para-compound, p-KO OOgK In lio fust case 

the reaction begins at 100° and the yidd increases up to 180®, no further inorense 
ooourrmg even up to 300® , witli the potaasium compound, the ortho-dipotas- 
Slum sahcylate is iormed at 100° to 160*, the para-isomende being foimocl us the 
‘ temperatiue 13 raised and constituting the sole product at 220° At the lattta* 
temperature monopotassnim salicylate is transformed mto the pora-dipotOH- 
Slum compound, 20H CflH 4 COgK = COg + OgHj OH + OK OgH^ OOgK. 
whereas under no conditions does monoaodium sahcylate give the para-iHomorido 
The monoaodium para-salt may be obtamed otherwise, and at 290® gives phenol, 
fJOg and disodium sohojlate 

Accordmg to Schmitt, phenol may he converted wholly mto salioyho acid 
by the action of COg at the ordinary temperature on aodimn phenoxide, the 
sodium phenyl carbonate^ CflEg COgNa, thus formed yielding sodium salioylato 
when heated out of contact with the air S Troistra, jun , showed, however 
(1906—1912), that the final product formed m this prooeaa is o-Oxysodiobenzolc 
acid, ONa OgH^ COgH, which anses by simple addition of OOg 

On the basis of these results the more economical and rational method of 
manufacture now m use has been developed, the various phases of the reaction 
being earned out m on autodave provided with a stirrer and with eitW a double 
jacket or coils through which ste^ or water may be passed 

Saheyho acid forms white crystals melting at 166 8®, subliming at 200®, and 
distilling m superheated steam at 170° It is readily soluble in alcohol or m 
ether, and 1 port dissolves m 444 parts of water at 16° and m 16 parts of hot 
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water It has a sweetish oatringent taste When heated with POC13 it gives the 

Internal anhydride, CoHa | , which forms a white powder softening at 110° 

\30 


and melting at 261° 

With bromine water it gives a precipitate, CnHgBia OBi, and with feme 
chloride it gives a violet coloration even m alcoholic solution (phenol is coloured 
only m aqueous solution) With lime-water m the hot it fonns a basic salt, 

CoIT4<;0QQ>Ca, and can thus be separated from its isoniondoH, which do not 


give this reaction 

It IS used as an antiseptic for prosorving foodstulfe,^ and m tlie manufacture 
of ^cfl and perfumes Its sodiiiin salt is largely used as a mediomo 

When heated to 200° it loses CO 2 , giving Phenyl salicylate {sahl) 

20H CflH^ CObH = OO 2 + HgO -f OH CflH4 OOaCflHg, 
which is used as an antiseptic for the mtestmos , it melts at 42 ° and boils at 172 ° 
m a vacuum Industrially it is obtomed by heating a mixture of sodium 
salicylate, sodium phonoxide and phosphorus oxycliloride (or phosgene) at 125°, 
the product being washed with water, decolorised with animal charcoal and 
oryatalliBed from alcohol 

ACETYLSALICYLIC ACID, CoHaO O C0H4 COnH, prepared by heatmg 
saheyho acid with acetic anhydride and sulphuric acid, is largely used imdor the 
name ASPIRIN os an ontipyretio, antineurolgio and analgesic It has an acid 
taste and forms lustrous, white orystals, moltmg at 136 ° and Bolidifying at 118 ° 
Unlike saheyho acid and salol, it gives no coloration with feme clilonde, and it 
posses unchanged thiough the stomach but imdergoes decomposition m the 
mtestmes 


m and ^-HYDROXYBENZOIC ACIDS give iiisoiiiblo basic barium salts and yield no 
coloration with fenio obloddo , the fii-aold is moro stable to heat than the o ov p odcL 
Anisic acid, CHgO 0flH4 COgH, resomblos the monobaalo aolds moro than the phenols 
and 1b obtamod from p hydroxyboiusolo ooid, motliyl alcohol, potossiiun hydroxide, and 
methyl iodide, the dimethyl ether obtained being tlien partially iiydrolysod* 

Methyl salicylate, OH OOiOHg, forms 00 per oont of oil of Gaulthorlo, and la 

prepared arbllloially by the luterootion of solinylio oofd (2 parts) and methyl alcohol (2 parts) 
In presonoo of oonoentrated aulphuiio aold (1 part) It bods at 224 ° and ia used as a per 
fume. 

p-HYDROXYPHENYLACETIC ACID, OH CgH^ CHg CO^H, formotl during the putre- 
faction of proteins and oooumng in the mduo, gives a dirty groou ooloratiou with forrio 
ohlorlde. 

Of the Dlhydroacybeiuoic acids, PROTOCATECHUIC ACID ( 1 ) . 4 Dlhydroieybenzolc 
acid), GflH5(OH)g CO|H, forms shining aoalos or orystala Holublo In watei , In solution It 
IB uolourod green by forrio chloride, the oolour being nbanged to blue and then to red by 
a little soda. It can bo obtained ayuthetloally, together with the 2 i 3 dlliydroxy oold, by 
heating oateohol with ammonium oarbonate, and la prepared by fusing various resins witli 
alkab Like oateohol, it oxiilbits I'odiiolng properties Its monomotliyl etlier (3 OOH3) la 
VANILLIC ACID, whioli is formed by the oxidation of vanillin (p 677 ) ; its dimethyl 
other [(OCHfl)J is VERATRIC ACID, found in the aoeda of Verairu7n jSfabadtUa, and Ita 

Methylene ether, OOgH la PIPERONYLIC ACID, wliioh is also obtained 

by oxidiamg piperlnio ooid. 

^ The examination of foods foi the preseuoe of aoUoyho aold is carried out in the same way 
os with beer (p 212), but baked atarohy aubstanoes (biead, etc } oontoirf^TTiaZtoZ, which gives the 
some reaction as saJiayho aold and is, like the latter, volatile. In this cose Jorlsseu'a method 
must he naed in testlug for sohoylio odd 10 0.0 of the liquid dJatilled with steaan is treated 
with 6 drops of 10 per cent, poti^tun nitrite solution, 0 drops of 00 per cent acetic acid, and 
1 drop of 10 per cent copper snlphate solution The liquid ia then boiled, and in presence of 
even tees than 0 0(X)1 grm of salioyllo odd a reddish ooloiation forma, whloh rapidly becomes 
blood-rod (Hi C Sherman, lOlO) 
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GALLIC ACID (3 4 D-Trihydroxybenzenecarboxylicacid),CflHg(OH)3 CO2H, 
occurs naturally as glucosidea m vanous plants and in tea, gall-nuts, etc It is 
formed hj the action of mould on solutions of tannm or by boiling the lattei with 
dilute acid or caustic soda 

It reduces gold and silver salts and becomes oxidised and turns brown m 
the air With feme chloride it gives a black coloration, and, on this accoimt, 
it is used m making ink ^ , its reduemg properties are utilised in photogi'aphy 
When pure it forms colourless needles (+ H2O) which at 120° lose the water oE 
crystaUisation and melt at 220° to 240° , when distilled it decomposes mto 
carbon dioxide and pyrogoUol It is only slightly soluble m ethoi or cold water 
but dissolves readily m alcohol or hot water It 1 educes Felilmg*s solution, gives 
a bluish-blaok coloration with feme chloride, and in alkahne solution absorbs 
atmospheric oxygen and becomes brown 

It IB used m making pyiogallol, dyes of theanthraqumone(a7i/Arac!onc&ro?wi, 
etc ) and goUocyanm and galloflavm groups, inks and drugs airol, OoIl2(OH)3 
CO2B1I OH, used on wounds instead of iodoform, is odourless and non-imtant , 
dertnatoli C0H2(OH)3 C02Bi(0H)2, serves as an antiseptic for wounds, intostinal 
and stomach maladies, and for perspiring feet 

GoUio acid 18 made by treating gall-nuts with water and yeast at 38° to 40°, 
the mass bemg afterwards extiacted with a mixture of 4 ports of etlier and 1 part 
of alcohol, and the alcohol and ether carefully distilled ofE through a rectifying 
column The crude galhc acid separating from the resultmg aqueous solution 
IB purified by treatment with albumin, decolorised by means of hydrosulpbito 
and animal charcoal, and crystallised Galhc acid may be obtained also by 
treating tannm (or the mothei hquors from its preparation) with dilute sulphuric 
acid or with a pure culture of Aspergillus gcdlomyces 

There ore a number of hydroxy-acids with hydroxyl and carboxyl groups m 
the side-chains , mention may he mode of 

(1) COUMARIC ACID (o-Hydroxyclnnamic acid), OH CqH^ CH CH CO2H, 
which does not give on anhydnde owing to its fumaroid skucture {see Fumario 
acid), while the maleic storeoiaomende, Coumarinic acid, is known only as salts, 

yO CO 

smee m the free state it immediately forms Coumarin, 06H4<^ I , the 

^CH OH 

latter may also be obtained by hoatmg flalioylic acid with sodium acetate 
(Perkm synthesis see Aldehydes) 

(2) MANDELIC ACID, CH(OH) COgH , of the various steioo- 

isomendes, that occurring natimally is leavo-rotatory, whilst that obtained 
synthetically (from benzddohydo and hydiocyanic acid, with subsequent 


ooidiSed 


1 1 y I. auiu. iii uiuui' uu uiTavuuif u^^iuauoii BJlil Tilio lOrllUmoTl Ol d 

blrwi jreoi^tate To this brownlah Bolution la added a aoJution of Indigo oarmiuo or logwood 
to render the writing vlmbla 'When the Ink la exposed on the paper to the olr, It boooiuoa blaok 
and insoluble, owing to the evaporation or noutraJisatdou of the acid by tho sizing of the paper 
(albumen, eto ), and the ooiisequent ready oxidation by atmospherlo oxygen, wliioli oh^SeH 
the original blue oolour to a deep blaok. ” 

To ma^ without spreading, a lifcfcle gum Is added, and to preserve It, a little 

nnAnnl n nf f.nin linmnnl tnlr marr nKfo'lTiArl OO M j. M . ■ 


1 gnn. of phenol, and the rest water . the liquid la left at rest for four days and then d6<^tad 
from the deposit and coloured with mdlgo oarmlne or logwood extract) 

A logrvoodinh may be obtained as follows 20 grms. of dry logwood extract or 30 arma. 
of the paste (hBernatem) ore dissolved In 800 a a of water, and to the hot solubion are ^ded 

1 R mimH rrr a/iHn Awmit-.nla /'7 .mma ] 1.1 1 . . 1 « .... 


ulUB-Diauit tmc. ana me inir, wnion aoea not attook steel pens and dnea eosUy, can be preserved 
by a trace of phenol run 

Coloured Inks ore aqueous, gummy solutioiifl of aniline dyes. Copying inks ore similar to 
ordinary Inks, but are more oonomteated, and contain also glycerine, sugar, dextrin, 

eolcium chloride, etc , by whioh the writing la kept moist for some time, ^ 
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hydrolysis) is the racemic form In Bolutions of tlie latter, certain Sohizomycotea 
deatroy the d- and leave the i-isoinende, whilst Pemcilhum glauaum destroys the 
Z- and leaves the d-componnd Also, if the cinchonine salt of the racemic form 
IS prepared, the d-aalt cryatalhses out first 

Tho Dlhydroxycinnamlc acids iuolucle CAFFEIC ACID [ftee Chapter on OluGoaidos), 
FERULIC ACID and UMBEL LI C ACID (^J-hydroicy-o ooumono aoid, wliioli is readily 
trauBformod into its anhydride, umhcUiferone) , a simiLar noid is PIPERINIC ACID, 

0H,<°>CaH3 CH CH CH OH OOjH, 

wluoh is formed In tho deeoiupoaLbiou of piiioriiio 

Tho denvatlvos of tho Trlhydroxyclnnomlc acids ore dealt with In tho Chapter on 
Gluoosldea {ceaouhn and daphmn from horse ohostnuts and Daphne ^nczereunit oto , 
rospooti 7 oly) Mention may be mode horo of ^SCULETIN (a Dlhydroxycouniarln), 

< 0 CO 

I , and of tho isomono DAPHNETIN, whloh Jiavo also boon obtained 
CH CH 

synthotioally 

TANNIN (Gallotannic or Tannic acid), C^^^H^gOg, was studied originally by Boizolins, 
Polouze, and Liebig Aocording to Hlaaiwetz (1807) and to U Sohifl (1873), tannin is 
probably a partial and mixed onliydrlde of gallio ooid, 2 mols of which aro oondouaod with 
loss of 1 mol of watei from a oarboxyl and a hydroxyl gin up and formation of a DlgaJllc 
acid (or ether of 3 gdllolylgaUw aetd] 


OHi 


/\ 


OHi 


|C0,H 


oh/"\— CO 


HgO -|- 


\/ 

OH 


OH' 


OH 




OH 


\/ 

OH 


Aooordiug to the inveatigations of Nloreiistoin (1008) on tlio aootyl clonvativoa and 
liydrolysis, oommerolai tannin ^vould soom to bo n mixtuTO of digolllo oold and 
heucotannin (or other of S-hydroxygaUolglgaUic aetd) , 


oh/\— CF i(OH)— 


OH 


\/ 

OH 


OH 




Oil 


There appesar, liowovor, to bo yanoiis moi’o or loss highly iK)lyiuc5riBod tannins with 
Andely varying molecular weights Some unoortainty Rtdl prevails os to tho tnio moleonlar 
nagnibudo of tannin Fatoni6 (1007, 1013) found that in aqiioouB uolutions tannin acts 
\8 a ooUoid and by oryosoopio moasuroinonts on aaotio ooid solutions arrived at tho formula, 
(mol wt 322), whilst Woldon (1808), by tho obulllosooplo mothod, ohtainod 
lumbers botwoen 700 (about 0^5 ) and 1000 (about ), whioh oro sharjily 

lisbinguialied from that of digolllo aoid (332) ^ 



^ r Bimnelli (1911), on tlio bosifi of tho property sliowu by tannin of forming addltlvo 
iroduota with water, alcohol and other [fg, (ot^orj, which Is stable ovoii 

11 a vacuum and la analogous to tho ol^ ' 

obtained by PelouEe, and to otliers 

OOgHg OH, and IULU I^IBU UJI IrILU j-won Ui UWg UILU Xlg\J WIUII 

ormatlouof HQX^ydroxybonzophenone,-OigHigOy, whon tannin is heated In aqueous solution 
Tlth lead dioxide (the OOg liberated was osbimatod), holds tliab tannin has the formula OiiHgaUgg, 
bud that it Is probably a duooslde. It was, ludem, observed by LiebJg and also by HlaaLwoU 
ihat when tannin Is boilea with dilute milphurio add it deooinpoBes into goUlo odd and dextrin 
)r gum (reacting with GHgO), but Ettl (1884) and LGwo found that tannin purillod with etliyl 
loetato does not yield saooharine substances (dextrin, oto ) Sbrooker and also Feist (1912) 
lold that tannin contains glucose Lloyd (1008) molntolns that the tannin moleoulo oomprlses 


iix moleoules of gallio aoid ooDdenaed round tho hoxavalont nuoleira, 0 


0^ 


\o_o/ \ 
/\ 
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The nature and mode of oondonsatlon of the tannins vanes with the nature of tho vogotahln 
organisniB from which they ore derived, two fundamental groups being rroognised i (1) 
HydrolyadbU ktnmna , (2) Oondmaed tamxna Tho former oomprlao estors of phenol 
oaibozylio aoida combined with phenols, oorbohydratee and polyhydrio alcohols^ also otlii'rs 
of phenoloorboxylio oolds formed either among tlieinBolves or with other hyrlroxy-ooiclH 
(the latter are known an depatdea), and glucoaidos formed by union of soinl nootaJs of fiiigaifl 
( glucose, ihamnoBe, etc ) with alcohols, phenols and their derivatives All toiuiins of this 
first group have galho amd for their fondamoutal oomponout and arc hydro lysod by 
emidsin and by tannases 

The tannins of the second group contain as fundamental oomponout tho phloroghioinol 
residue, which may be isolated by treating with alkali, whilst treatment with strong acids 
or oxidising agents or bromide yields amorphous compounds of low molecular weight 
(sometimes red tannins) One olaffi of this group comprises tannins with a basis of ])Iiloro- 
gluolnol (or oateohol) oombiued with a benzene nucleus,^ a seooiul class iiioludbig those 
with a basis of hydroxyomnamio ooid 

Tannin is widespread in nature and occurs hi abundance in the wood or liark of vitrloUH 
plants and in oak galls (gall nuts), which are pathological oxorcfioonoos caused by inciNlon 
of the oak branohes by insects. ^ To extract the tannin, the gall nuts are ground to a coorso 
powder, whloh Is treated with hot water ui a battery of diffuBars similar to thoso iisod for 
extracting beet-sugar (see p 540) The crude aqueous solution of toimni thus obtained ih 
filtered through a battery of filters and extracted, in a closed copper (or bruiwo) vessel 
fitted with a stirrer, with orude ether (aqueous or not free from olcoliol). After tho liquid 


The results of the last investigations of Jisohor and Ids pupils (1000-1010) have cast now 
light on the oonatifcatioii of tannin Uisohor and Freudenborg (1012) hydrolysiM a pure tannin 
and oonoluded that it Is formed by the ooudensatioa of 6 moloo^es of dl^LIo ooid with 1 molodulo 
of glucose, free carboxyl groups being absent, liideod, Flsoher pr^arocl ayutliotically a uom])nu tid 
similar to toniuu and ha'^ng&eoonBtltutlon0H( OK] CH(OK) OH(OK) CK OH(OK) C'Hg OH 


in which the five groups H united with the gluoose oro formed of 5 residues of iwntanicbliyJ-fa 


digalllo 00 id, 


GHaO OOH 3 OOHfl 

>0-00/ \oaH, 

00 OOHa 


Hence this deiivotivo of glucose will bo a 


penta (pontamethyl tn-golloyl) glucose, which cousists of n> mixture of two storooiKomcrldoa 
oorresponding with a- and j8 gluooses and is slinllar to Herzig’s inethyliannin (1005), obtalnod 
by treating natural tannin \kth dlozomethano. , 

Aooord^ to Procter, tannins may be olaaslfiod In hvo fundamental groups ratrchol lannins 
(those of pln^ quebracho, oak, gambler, mangrove, etc.) and pyrogdUol tannins (oheutnut, aumau, 
myrobolom divl-divl, valonio, gall nute, etc ) 'V^en dlstUlod with zlno dust, the former yield 
oateohol, the latter pyroeoUol (somotimee pblorogluoinol) 

^ In the vegeteble kingdom there ooour three aUlcd groups whloh onntoln phlorngliuiinol , 
anlhocyanine, me%ivojie colour!^ matters, and j^6nyl siyryt heUme all of theso are derived 
from 07 diphenylpropano, C,H| 0H| CHj 0H| OgHHi and are more or loss oxi^aod In tho tliroo 
carbon atom obains joining the two benzene groups, wMoh lu their turn ooiitaiu hydroxyl gnutps 
in vonouB positionB 

* Tannin and toonlug extracts are mostly obtamod from the following plauta 1 


Pur 


( bark of Querru/f 


oont of tannins 
HiilMtnnam 
10—12 
30—35 
40-46 
20—30 


1 gall-nuts 

Dlvl (flvi (fnilt of Ccsadl'mma conarta) 

Sumac (leaves and branoiies of Shus conarta and cotinus) 

Qaebraoho (wood of or Quebrachta 

Lorenttii] 10—24 

Myrobolons (fleshy fruit of Myrdbalanus) 20 — 10 

AlgaroviUa (beans of OcBsalptnia hremfiiha) 40 — 00 

1 . f bark of Acacia dscurren« 30 — 35 

Aoama | Qj^raot of wood of A ecUechn 45 — 65 

. /wood or bark of OasUmea vesca 8 — 12 

t/ BsunuL -j of wood of Oojiansa vfsca 20 — 4:0 

p< [bark of Abies canadensis 10 — 12 

jerbraot of bark 28 — 26 

Mimosa (barks of various Australian aooolaB, especially 

A deotarens, the so colled blaok wattle bark) 30 — iO 


Por Jent 
of Hiigar 
2 6— d 
0 7—1 
8—0 
4—5 

2 6—3*6 


02—06 
6—0 
8—9 
0 8—1 
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3- 4 
7— a 

1 




TANNINGEXTRACTS 691 

lOB been left at Test in vats foi eight to ten days, the douse lower layer oontoltung the 
anmn is decanted and freed from otiior by distillation Tho evaporation of the water 
)reseut is effected m hoatod, rapidly rotating drains, or ou zinc plates placed in desicoatoi's 
□le dry mass is then subjootod to short and gentle treatment with steam — a very soft, 
>Ble, ethoronl tamun being thus obtained. Tannin solutions are also concentrated under 
educed prossuro in multiple effot apparatus (w Sugai, p 500) 

Aqueous or Alcoholic Tannin, which la oxtrootod by watej or alcohol without boiiig 
)uAfied by moons of other, is loss pure. 

Pure -^nnin forms a pole yellow light powdor or somotimos orystaJa It is dorkonod 
fi colour by bglil, turns brown m tho air, and dissolves in ite own weight of water, double 
ts weight of alcohol or eight times its weight of glyoorol or ethyl acetate. It is almost 
iiflolnblo in ether, benzene, oliloroform, petroleum otlior or carbon disulphide. With iron 
alts it forms a bhush blaok prooipitnto, and with albumin or starch a gelatinous prooipitato. 
n aqueous solution it Is doxtro rotatory (-|- 16° to + 20°) 

Tanmn is used mainly, in coujnuotion with antimony salts, os a mordant in tho dyeing 
f ootton with basic dyes It is employed also in making Ink and, along wibli gelatine, in 
lanfylng boor and wine, forming, together with gdatiiio, a gummy prooipitato wldoh 
TaduoUy settles and oarnes down with It tho Buspondod matter of tho liquid. 

TANNING EXTRACTS Powdered barks or woods oro used, either before or aftoi' oxtroc- 
ion, m tarmiug hides. 

Those tanning extractu [from oak baik (eoutainhig 10 to 20 per oonh of tannlu), mtTTiMa 
30 per oont.), leaves and twigs of mmac (16 to 30 per eout,), valonia (20 to 45 per cent.), 
[siaiio gall nuts (66 to 76 per oont), Buroiiean gall-nuis (26 to 30 per oont ), divi-divh (40 per 
ent ), mi/rcibolana (30 por eout.), qu£i)raclio loood (22 xior oont ), horae-oJiealfLut harh (2 to 
per oontw), catec^M or oiiicJi (40 oi 60 por oont.), etc ] ore now ratlomdly projiarod on an 
uormous scale by oxtrootlng the iliioly divided matonal with hot water In battorioa of 
iffuBors. Tho ei^usted matonal Is oentrifugod and then bmnt as fuoL From tho dlf- 
iisors the liquid issues at about 6° to 5° (about 0 per cent of tanning materials), wlulst 
he exhausted wood contains loss than 2 por oont TJie dilute nolutioiis aro ffltor pi'esaod, 
vaporated under reduced prossuro in a doublo-offot apparatus to about 15° Bo, and thou 
Itered hot, first throngh ooarse and thon through Qno fUtorlng cloth, tho liquid holng somo- 
imes mixed witli infusorial oorlh or bono-blaolc so as to glvo a uloor liquid. Tins is furfchor 
onoentrafced in vacuum pans to 28° to 32° Bfi or, with oxtraots roqulrod to solidify when 
old, to 45° B6 

For Bomo yoars those oxtraots have boon pui'lfled and dooolorisod, oithor boforo or after 
onoentratiou, by many diffbrenb matormls, but i^^ii^^ipally by sulpJiltos, bisulpliitos, 
ydrosulphitoH, aJkah sidphoxylatos, oto ^ 

The moat important extract la tliat of quobrooho wood, wluoh is still onidoly picpored 
1 the country of origui (Argontliio), and contains about 65 por oont. of tanning matorial, 

^ Formerly uho was mailo of aluminlnm sulphate and barium hydroxide, aliimluium 
iloBiilphate, bleed albumin or blood Itself, caBoln and soda, etc , but l>otU^ roHiilts aro obtainoil 
ith oomponncls of sulphurous neld. BiHiilphlto renders tho oxtraots much more Roluhle, ns 
oonverts port of tho tannin HiibstanceR Into soluble sulphonio eompauuds, while in tho rosinous 
<c tract of quebracho it also cauMos deuomiioaltion of a present, giving the product tho 

roper by of imparting a yollow oulour to skins with an aniline mordant Iloooiuratinu Js, 
owever, duo more osiieolally to the hydrosulphifco cither addod directly (T^potlt’s patent) oi 
roduoed by rodnotlon of tho blmilpliite added to tho oxtraitt (1) by alnu ci aluminium (last 
tna Fat. 11,602 of 1902) , (2) by treating tlie ciiulo extract witli aluminium Rulphato and 
)dlum blHulphate and thou hoathig under prosHiiro at 120° to 130° (U H Fat. 740,283} , (3) by 
'eating tho extract with a mixtui'o of fornmldehydo blsulpliite and formaldeiiyde sulphoxylato 
Tt Pat 362,780) ; or (4) according to the reoent patent of Ij. Bufonr (Genoa), by reducing 
le Buiphlte with thiosulpuato. and then with formmdeJiyde Uso lias also been made of tho 
aste sulphite liquors from tho numufaeture of cellulose (Qor Pah 132,224 and 162,230 , 
Fat 900,343, January, 1000), of aluminium amalgam *( Got Fah 220,021], and of ohromous 
dts (chloride, sulphate, acetate, eta) 

Au Interoshug method of clarifying quebracho extract and rendering it soluble even in the 
ild la that of A. Bedlioh, L. Poliak, and 0 Jurenka (Ger Pat 212,870 of 1008) The paste 
epoaited from the orude, oooled extract is ahakeu for six to seven hours with 1 part per thousand 
I soda at 50° to 100°, 50 litres of tlie rod solntlon thus obtained being mixed with 1000 litres 
I the orude extraot prevtoualy deoantod and the whole loft to stand. A flooonlbnt deposit 
thus obtained and a pale solution of pure extraot whioh is decanted off and can be oonoentroted , 
10 floooulent precipitate oah be diasolved oAoin in dilute soda and used to clarify further 
uontltleB of crude oxtraot Any excess of roa alkaline solution may be employed for clarifying 
ctraots of sumac, etc. 
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5 per oeufc of non tarniuis, 18 per cent of water aa<L 12 per cent of msolublo matters It is 
reflned in European works to obtain a product poorer ni phlobaphones and more readily 
soluble In the cold 

The pnoe of tanning extraota is loughly proportional to thoir content of tanning or 
tounln BubfltauoM,^ wbioh may vary from 20 per cent, to 60 per cent , but for a given 
content of tonnm, extraota noh in or orange ooloming-mattera have the greater value , 
these matters aro estimated pi special colorimeters or in the speotrosoopo. A Gonsscr (1900) 
suggested the replacement of the direct test on hide by one on stnps of auimallsed cotton 
(tlie latter being Immersed in a bath of golatme and then iii one of formoldehydo} , the 
resultant colour on the textile is similar to that obtained on liides 

Dunug recent years use has been made for tanning of certain artificial oompouuds 
known aa ai/niana, and prepared by Stiaany (Ger Pat. 202,668, 1013), by ooiidenBlug 
plioiiolBnlphoDio acid with formaldehyde, or by Himilar means Neradol Z), first mode by 
the Bodisohe Anllm- uud Sodo-Pabril^ is one of those compounds, neradd ND is made by 
treating naphthaJen^ulphomo acid with formaldehyde, and similar products arc prepared 
from ammo- and hydroxy-naphthaleneeulphomc acids On analysis these artificial extracts 
oorrespoiid with an extract oontauung 30 per cent of tanuuig material and before the woi 
were sold at about £44 per ton They produce a veiy pale tauniug of the hide but give no 
inoreaso in weight, so that they are used oitboi for fine goat and sheep skins, eto , or for 
mixmg with ordmary tanning extracts, of which they Incroose the solubihty 

TANNING OF HIDES The hides of oxen, horses, sheep, etc , even when freed from 
hair and flesh (i c , m the form of canum\ do not keep and readily putrefy during chyiiig 
or in presence of moisture When dreeaed (this was carried oi^t as early as 2000 B u ), and, 
more especially, when tanned, the hides are more tenadoue and resiat^t, do not putrefy, 
and do not gelatinise with boiling watei, since the fibres on which tho tanning matonal is 
fixed (to the extent of 30 per cent, or oven more) do not agglutinate during diyxiig, and 
hence remain fibrous and do not become compact and horny The oonum or deraa, % e , 
the fibrous subatanco of tho skiu, is converted by tanning into leaSiear ^ Hational tanning 

^ AnaJ^aia of lanntng malcrtdla jSffle Vlllavooohla’s " Apphod Analybool Chemistry," Vol IT, 
p 331 

“ THEORY OF TANNING In the firat half of last century, Davy, Sdgnln, Dumas, 
and BorzehuB regarded the absoimtloii of tannin by hides os a chemical roaoflon In 1868 
Knapp defined leather as on animBl skin the fibres of whioli do not adhere during drying owing 
to the pores soparatmg the fibres being filled with tho tannm , tanning would henoo be a Bimplo 
phyaloal phenomenon Similar viewB were expressed by Ilelner (1872), HolnaorluiK (1882), 
SohrBdor and Pfissler (1802) 

Th Komoi (1808-1903) also regarded It as a phyBioal prooeas, mnee neither the tanning 
material nor the fibres oonsMtutlng the bides ore eleok'olytnoairy dissociated, and therefore caunot 
uombino to form a kind of salt. Herzog, Adler, and WiBuceims (1004) also supported the pliyBloal 
blieoiy 

As It has been established that the hide la capable of absorbing at its surface like a colloidal 
solution, Stlasny (1908) holds that tanmna oousiBta simply of a physloal abftorplton, since tannin 
rooota \rifcli soarooly any of the known liyorolytlo products of hides. Just os colouring-matters 
ore fixed by carbon, sllioa, and alumina \rithout thoro being any spectlal groups to efieot comblua- 
tlon. BO also m tanning all the known phenomena support the physloal absorption hypothesis 

Aooorduig to Stiaany, every banning process oonai^ In ^e dbaot^ton of a dlssolvwi colloidal 
Bubstanco by the gol of the hide and m sinaultaneous Beooudary transiormationB (polymerlsatioiis, 
oxidations, eta), to whloli tho absorbed matter Is subjected by the catalytic oouoii of the hide, 
and which rondei the absorbed tajmln insoluble and tho proooaa inpyersibla Tills Is moi’e a 
physiao ohomioal than a physical theory 

Konnsteiu (Vienna) regards the phenomenon as a physloal oue, owing to the absenoo 
of Btoioheiometrio relations 

On the other hand, Mlintz (1870) and Sohroiner (1800) hold that tannbifj must bo due to 
a ohemloal phenomenon, smee the same hide always absorbs the same maantaum amount of 
a given tannlnu material, but Sohrddor and P&asler advonoe the objeotion that below tho limit 
of maximum absorption tho quantity fixed vanes with tho oonocntratlon of the bath, there 
being no Btoioheiometrio relaUons olioraoteristlo of chemical oomblimtioa 

hf O Witt (1891) maintains that leather should bo regarded os a solid solution of tho tanning 
substances In the animal fibre (the hide), m which they are more soluble than In water 

Suido, Qelmo, and Pohiion (1903-1008) reverb to the ohemloal theory, and assert that, as 
tanning is preceded by treatment with aold or mordant, slight dlssoolatlon or hydrolysis may 
occur (ia la the cose in the dyeing of wool) Further, hide powder fixes substantive dyes better 
than wool itself, and that the oombinatiaiL does not exhibit stolohelDmetrio proportions Is explained 
by tho foot that the hide consists of oompoet fibres and not of separate molecules os in smution, 
so that the tanning hquor penetrates only slowly Into the interior uf the and Is gradually 
impoverished and exhausted 

pqhrion (1908—1919) points out that iu tanning with formaldehyde there can be no question 
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was mtroduood only wlion tho anatomical struct uro of tUo akin beoame oxaoUy known and 
the efeote of tanning inatorials on the differoub ports of tho hide wore Btndiod 

A clean out m a fresh ox-Iude ahoivs the following layers the thin oxtonor layer of 
ep\derm\8 or c^d%cU (Fig 447) , the thiolter layer I iniiuedm1\^oly below is tlie cor%um or 
de^ma, which constitutes tho leather after tanning , bolow tho oonum is tho fatty layer/ 

In the unhoiiing of the luclo, tho lioirs and also tlie epidennis are roniOYod, the oonum 
bomg exposed with a papillary surfaoo oovei'od 
with a fine membrane, p, sniToiindlng tho 
hair-onRoes and giving the natural lusti'o of 
the tanned ludo , its smuosltioa form ilio su- 
cQJlod natural (^rain, winch seivos to dis- 
tinguish the hides of different ajunials. Tho 
dry hido oontoins 50 per cent C, 25 poi oout 
0, 7 per cent H, 17 8 per cent. N and traces 
of nunorol matter 

Vanous methods of tamiing aro in use 
(a) Mineral Tanning or lawinfft by means of 
alum and sochum ohlonde , (Z;) Oil Tanning 
or dummwig, witli fatty materials , (o) Ordi- 
nary Tanning with tanuiu suhstanoos , (d) 

Chrome Tanning, using ohrommra salts (tanmhg with foiinaldohydo, proposed by Tiillat 
and Payne , witli quinone by Moimiei and Soyowotz j with iiaphthola by Weinaohenok , 
with rare earths by GareUi , witli fatty adds by Knapp, oi wth tho oorresponding 
ammomutn soaps by Gorelli and Comdi, 1000) 

QoreJIi (1014) obtamod a pseudo tanmng with bianiuth nltiate, inaunitol (or glycerol) 
being added to prevent separation of bosio compounds Apostolo (1014) showed that ludes 
may absorb suspended substances and effected psoudo-taiining with precipitated sulphur 
(or fats) Knapp obtalnod (bstinot tanning with fatty acids. 

of noUotdal matorial (os with tannin), and with regard to the elimiuaUnn of alum or tannlu from 
leather by the mere action of water, this is due to Mc'udo UinmtMf i r , to tlie foiiruitiou of labile, 
reo^y hydrolyHablo compounds, tho tannin of wbioh bocomos cuBbributod liotween tho hide and 
tho water With roforenuo to the non stoleheiomotno rolationa, ho observes that the fixation 
of more tannlu from ooueeutiatod than from dilute HoluttouH Is in oooord \vlth tho law of mass 
action for revorslblo ohomloal reaetlonfi. 

Aoonrding to Heldonhohi, Zaalianos, and Falirion (lUUfi), both the dyeing and the tanning 
pToeesseu ooeur in tivo phosos, the absuriitlou and ponotratlun of tho tanning substanoe and tho 
Biibaequent uhomloal oombuiatlon of thta substanoe with tho hido. (iarolli (1007-10 10), from 
the results of Ins tanmug oxporlmonts with ram earths (oerla, thoiia, zlronniah supports tills 
tiieory, and holds that all Bubstoncos wliioli hi aqueous snlutlon oon undergo liydrolysGi forming 
baaio liydroxidoa or salts (like oliroinlum, iron, and aluminium aaltfl) aiti capable of tanning 
hldoa {\e , tho Iddo hydrolyacB and dooompoaea the BoIts, wliloh tliUB domiBib nydratos or baslo 
salts on tho llbros of tho cortttw or dfrinot tho fibroB and tlio salts combuilug to form leather) 
ThiiB, (JaroUi effoobod tanning with tho rare oarbhfl, t e , with oomnounds of tJio trlvalent (oorium, 
lanthanum, and didymium) or totravalent ulemonts (cerium, thorium, and zirconium . Zooharias 
had uHod sbanulo salts in 1003), and tho tanning, os wlion alum Is usod, is fooilltatod by sodium 
chloride (tlds was not used with corlo salts, which would generate olilorbie) The most offootlvo 
tonnbigs are thoso in whiuli on oxidation plays a port (mo motals x^oss frum tlie higher to the 
lower volonoy) and thoso with alum, whioh oamiob glvo salts of lo\ver voionoy but ore not very 
stable, and (lo not reslnt ovon tlio prolonged action of oold water {iMfudo lanmng) Oliromium 
salts ore I'oduued to oxldosby tlio sklo andnxod, while oils and fats must be oxldisi^ (to hydroxy- 
aolds), ns otherwise the tanning is nob complete 

B. Lepotit (iduTk d chinu di Mtlrnio, 1007, p 83) oHserba that in the tanning of sole and 
upper leather lb is not Huffioiont to offoot Beparatloii and stabilisation of tho fibres, but that lb ib 
neoBBsory to produce swelling and filling of the Intersbioea botwoon the fibres with phloheyphcnea 
These ore oolloidol Bubatonoea dimlved or suspended in tho tannin oxbraols and oonslBting 
partly of intomol nnUydrideB of nolublo taiminfl (ws p 087) and partly of condensation produote 
of formoldehydo with polypheuolH and phenolcarboxyllo aoids denved from the tanning vogobable 
oigoniflms Indeed, according to Nierenstolu, the produota of the reaction between fonuoim 
and polyphenols exhibit tanning proportiea, and at the present time glove leather la snooessfully 
tanned by formoldehydo (TriUot and Payne) Also WeinBohonok (1007-1008) stated Uiat 
a- and jS-nt^hthols lu presenoe of formaldehyae ore able to tan hides, but tins is denied by 
Stiomiy and Rlcovuto (1008) In tanning with quinone derivatives (Buggesbed by Meunier 
and Seyowetz) leather la formed, owing to the hydroquinone derived from we quinone rooatlng 
with t^ amino groups of tho proteins With formaldehyde, ’tiiore ia probably production 
by oldol oondansatlon, of aompl(» colloidal polymerldes of lornuddohydo (espooiaiw m presenoe 
of alkali oorbonats), these reacting with ainiiilo complexes in tho some way as lormi^ehyde 
and the aldols resiot with aniline (ses p 669) Thuon (1900) found that if the hides are previously 
treated with fonn^ehyde subs^uent obrome tanning is hastened 
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The tanning power of the varioua materiala iisetl in praotioe may Iw ufltabliRhotl muglil 
by determining the temperature of geJatinisation or Hhnvelling of tlio atriiw of taiuiotl hlil 
when heated witli water, the best tanned Judes shownig the jiighosfc teLUpc^aburu If tli 
gelatimaing temperature of the best ohrome tanned hides is taken os 100, those for otJu 
tanning will be quin one tanning, 100 , ohamoifiing, 8C to 90 , formaldehyde tanning 
86 to 90 , nerodol tanning, 80 to 80 , 70 foi vegetable tanmng , 68 to 00 for fatty aeid an 
resin tanning, and 60 for alum tanning 

Various baoteno, oven injunous ones, develop on insiLffloioutly dnod oi fresh ludiv 
The ordinary antiseptios (phenols, formaldehyde, eto., whioh have taiinJiig ootloim) eainiu 
be employed, and the most oonvement treatment is with dilute formio oolil, or 0 1 poi euiil 
sodium hydroxide, or 0 2 per cent sodium sulphide solution at 18° The friflh Judes a 
they oomo from the slaughterers ore termed grem hdesy and in this oouditlnii on ox Jiid 
will weigh from 30 to 40 kilos, its weight being reduced to one half hy lainihig Man 
hides are imported from South Amenoa in tlie dried and salted oi HinukiMl stati' Ox hide 
give the heaviest leather for boot solos, wJule for hghter aolea oow ludn is used , tliu iipptM 
ore made preferably from oolf skin. Saddles ore mode from Jiorso-hido, 2 ilg skin, oik 
seal skm, while sheep akm is used for bookbmding leather and goat skui for inorouei 
leather Deer-skm, goat akm, eto , ore tanned with oil to obtain ohomois or buif loathe 
{see later) 

The hides are first soflenei by soaking for two days or longer (ooeording os they aw 



green or dry) in soft water, which removes blood and other adherent Impunties 'J'his may 
be oeoelerated, especially with largo and dry hides, by adding about 3 Idloa of uiystaUlsod 
sodium sulphide or 1 kilo of oaustao soda per ou metre of water The liidea ore then jiloood 
on a “ beam ” (Eig 448) and soraped on the flesh side with a curved knife (Ifig, 449), which 
IS drawn across them horizontally They are then soaked foi 24 hours, scraped again, 
washed in water for a few hours, thrown on the boom and allowed to drain This opi^ratlon 
is hastened if the softened hides ore subjected to fulling in a iwolvlng voasol (Kg 460) or 
in a vat oontahung cold water m whush ^oy are worked with wooden mallets. 

In order to remove the hair fixed m the epidermis (not In the oorium), the epidermis 
must be attacked and almost destroyed, this being effected in vai-ions ways (by putrofootion, 
hme, or sulphides) Putrefaction (“ sweating ”) is oarrlod out by salting the flesh side of 
the hides or sprinkling them with crude ooetio acid, bending the hides In two longitudinally 
with the hair outside and Btaokmg them in tanks or in a warm ohombor (30° to 60°) j fer- 
mentation soon sets in, oocompanied by heating and evolution of ammonia, the hides 
beuig then unhaired on the beam with a smtable knife. In order to avoid the possibility 
of oioeaaive boating, the hides ore sometimoa placed m cement troughs fitted wlbli pei- 
forated, wooden, false bottoms, water being sprayed on to the hides at the top, so that the 
temporature is kept down to 10° to 12° , after 8 to 12 days the hides can be readily 
unhaned. The more delicate skms of smkll animals are treated with sulphides, being 
smeared with rusma, which oonsdsta of a mixture of 1 part of arsenlo sulphide (cwpiment) 
with 2 to 8 parts of slaked Hme , calcium hydrosulphide is also used and gives better 
results In recent years, Bodlmn sulphide has also been used for heavy hides, unhalrlng 
being easily oarrlod out by soraping the hides (after washing) with a knife ogednst the set of 
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tlio hair, tlio opoiatiou boing faollltate<l, li iicoosHaiy, by HpniikTiiig a liltlo nanrl or aaboa 
on the liicle , tho Imu udtvoh fnc tho iiiamifaotiii'u orfoll, but that troatccl with buI^iIikIo is 
oouvorted into foiiahsor ^ 

lu largo taiinerioH unban mg is oiTootod by moans of inocJiinos (l^Jg 451), in wliioli tho 

Jiules an) Bprood on tliroo or four 
vurtiiOal 2 J^Atos and against 

rovolvmg rolloi's witli hohool knives 
inolinod in two dirootioiia Tlio ludos 
arc then washed in a largo quantity 
of water, Hproad out and boaton on 
tho beam, and tlie dofloahing of tho 
iindor sidu oonqdotod oithor with a 
eurved kiiifu oi in tho mooluiio sliowii 
111 ITig 452 , the Jlrah roniuvod is 
niLxod with lime and sold for making 
glue In mauy footorios loi^o Iddos 
aro rondorod unifoimly thick and then 
Bpht into 3 to 0 sheols, Bomotiinea 
only a froetion of a niiilimetro m 
thickness, by moans of a moving, 
endless knife , a band kinfo siilltting 
maoluno is aliowu in Fig 453 

Tho liidofl aro ofton further do 
fatted oitihor by iiressiiig oi, hotter, 
by moauB of a solvent Hiioh os bon/mo 
or tnoldoroothylono, tho fat boing 
reoovorod and usocl for snap making 
In order to preservo tho hides if they arc not to be tan n cm! iminodiately, or to propait) thorn 
for ohrome tanning, they are ptokled by Inimersion for about an lioiir iu a batJi oontalnlng 
7 6 grma of HiSO^ and 80 gnm of Nad por htre , tho ould is raindly absorbed, and. tho salt 
prevents exoeaaivo awoUing They aro then niisod m saturated salt solution and, after 
draining, may be made up into bales To oUmlnato tho plokllng prior to tanning, tho 
hides ore washed In a salt bath ' 

ooutalning borax Pioklod hides 
yield a pasty leather and roquiro 
loss tanning mateiioL 

The hides havo by this tlmo 
lost about 12 por cent, m weight, 
and those whioh have beou limed 
ore next kept for two or throe 
days in several suooessive Infu- 
sions of barley hour or biun 
(“ bran drenoh ") in ootivo ooid 
fermentation , to these aro added 
sulphurous or sulphurio ooid, 
lootio Eboid (or bettor, aooordmg 
to Boehiinger, Gfor Fat. 234,564 
of 1909, a solution of laotlo 
anhydride in ammonium laotato), 
or aoetlo or but^^o add, the 
oalolum soaps on the hid^ being 

thus decomposed] tho amds separate at the stufaoe and tho soluble oaloliLm salts aro 
oliufunated by washing (at one time, mixtures of dog and bird dung with water were 
used, tho aetion of those being due to enzymes and amino hydroohlorides , these enzymes, 
however, aot on the gelatine of the hide, this being eliminated, together ‘ndth the lime, by 
washing with tepid water) The dung is now preferably replaced by various seleoted baotejjlal 
oultures and enzyme preparations After a few days the hides swell up to double their 
original size and become yeUowlah and transparent Exoessive swelling is prevented by 
the addition of a little tanniTig material to the Infusion. 

All these preparatory operationB are required to moke the material to be tanned more 
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permeable and more uniform in its behaviour towards the tanning agents, wliioh are fbcnd 
to the eictont of about 30 per cent, (oolculated on the dry oonuni) The tanning eon now 
be oamod out by the following methods 

(a) Infuaton tanniTig This prooess, which is used for lighter hides, consists in passing 
the hides mto tamimg baths of gradually moreasiug strength, so that the toiimng may be 
gradual and penetrative The total time required is 6 to 0 weeks, and between oaoh 



bath and the suoooediug one the hides are drained, pressed, and fulled m order to fooUitato 
the absorption of the tanmn. 

(6) Tanning %n layers was once largely used but Is now employed more portioulorly 
for sole leather Eifty or sixty hides axe placed, alternately with layers of powdered or 
crushed tanning material (bark, wood, etc ), in a cement or wooden vessel, the empty 
sjAicea being then filled with the tanning material and the whole covered with water The 
vessd IB then closed with an air tight oover and left for about 2 months, the hides bemg 
then transferred to a second similar vessel oontaJning rather less tanning material, where 
they are left for 3 to 4 months, and finally to a third vessel containing still less tanning 
material (4 to 5 months) 


^ t i . ' 
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If the hides are very heavy aiid rosistaiits they are pEwaod to a fourth and aoinotiinea 
to a fifth bath or pit, the whole operation then oooupylng about two years and the oonsunip 
tion of bark being about fivo tiines the weight of the dry hides, ^'he ooinplotioii of the 
tanning is asoortainod by cutting the liide and observing that the sootlon ih uiiiforni and 
■without homy or flesliy layers, and that the gram does not crack wlion tho hide is oorefully 
bent 1 

(o) Rapid ianning, which gives a greater output of leather, lias been attempted in many 
ddTeront -ways By iinnieraing and oomproeahig tlio hidoe lu relatively oonoeutratod tanning 
baths prepared fitim active, modern extracts, and oontahung a oertaln amount of acid to 
prevent wrinkling of the ludes, tlie tanuhig hquoi being oirculntofl by means of pumps 
■without moving the hides , oi tho sUliis are plaood in revolving barrols or drums, the lower 
half dipping into toiuiliig hquor so that tho hides are proased at intervals Tlie diffiialou 
prooeaa is also applied by placing tho tanning bath In bogs ooiuposod of voiious hides sown 
together Tanning m a vacimni lies likeivise been used in order to effect bettei penobratiou 
of tlie tanmng matenoJ, oonsiderablo praaaiiro being exerted automatlooUy on tho hides at 
regular intervals, and the operation being facilitated by gentle heat, oto By these rapid 
processes {see also ITbo of Qiunone, Ger Pat. 206,957, 1907) tanning can bo coniplolcd in 
6 to 8 weeks, this fnokiding tho proliniuiory prepaiatioii of tho hides Tho actual 
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tanning may, indeed, bo limited to 30 hours if rovolving barrels are used with hot, highly 
oonoentrated tanning baths (8° to 10° B^ ) 'When such a rapid irrooess is used it Is, however, 
indifipensabio to eliminate all traces of Iimo boforelicuid by immoi'sion lu formic aoid solu- 
tion. Other very lapid mothods wliioh are largely used ore oliromo tanning {aee ahova) ojid 
formaldehyde tanning os proposed by Fayno. 

Aooording to Gilordinl (iHV Pat 485,044, 1017) histantononus tanning may bo effeotod 
by possuig oonoentrated tanning oxtroets (25° to 30° Bd.) under pixiSBuro through tho hide 
roUed on a perforated drum, tho ontaido spaoo being ovauuated. The host results aro, how- 
ever, obtained with the artifioiol tannins, neradol D and ND , 

Aooelorated tanning is faollltatod by the moolmniuol action of peidodio oamprcssion of 
tho hides m rotating cheats (Fig 450) or drums (Fig 454) When tlie drum rota-tea the hides 
are lifted to a oertain height by moons of pegs and thon cdlowed to fall forcibly intb tho 
tanning solution and on to tho ^dos in it 

(1) Mineral Tanning or tamng is frequently usod for light lamb, sheep, and goat skins, 
wbioh, after unhairing, ore passed mto the limes and ai^ then, just aa m ordinary tanning, 
Bw^ed in on amd bath, which also removes all the lime They are -then placed in the 

^ F Oorinl (Ann d Soc. Mm d% MUano^ 1603, p 28, and 1604, p. 144) proposes to use t]ie 
hydrostatlo bolonoe in order to obtain the weight of the diy hide ixom tnab of the wet hide, 
vdthout drying Tlie hidea con thus be followed throngh oU the operatlonfi, from their entry 
in a more or toss moist state The quantity of tanning material fixed eon aJso be determliiea 
at any moment in this way 

voift n 45 
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tajimng vat oontaiolng aluna or sodiiun ohlonde solubiou, without impregnatuig tlioni with 
fatty aubBtanoes For twenty hides, about 1500 grms. of alum and 500 grmB of sodium 
chlonde ore dissolved in 60 htres of tepid water The hides are well saturated with this 
bath and are heaped up still wet for two or three days, after whioli they are proesod, washed, 
end allowed to dry In the air 

The finishing of the tanned hides is carried out as dosonbod late;* 

Mineral tanning is usually a rapid process, and the alum oombmes with the oonuiu 
and preserves it, but the leatiiur is not so lasting as that prepared with tannin and eon utiJl 
bo gelatinised by prolonged boiluig with water A highly elaetio leather is, however, 
obtained 

Cbrominm salts (the alum and chloride) aro often used nowadays in iilaoe of alum and 
sodium ohloride. 

(2) Chrome Tanning has assumed oousidorahlo importanoo of recent years (smoo 181)5), 
08 it IS rapid and funushea boot leather highly resistant to wet , it is often used also for 
girths, etc Both alum and ohi'ome tanning give a hght, soft and tenaoious leather, ohromo 
tanned leather being far more resistant to boiling water and to tonaioii than vogutablo 
tanned leather 

With ohrome tanning the hide fixes only 3 to 4 per oent of ohiomium oxide, the latter 
being hence sold by measure instead of weight If dned the leather cannot be swollen, so 
that it IB dyed and di'essed immediately This mode of tannmg may be earned out in either 
a single bath or in two baths at 25° to 30° In the first ease the hides ore immorsod dirootly 
in a solution of a boaio ohromium salt, whilst In the second thoy are first soakod in eliromio 

acid solution (potassium or 
sodium biohroniatowitliHulphune 
or hydroohlorlo ooid), thou nusod 
and placed ui a seuoiid bath 
uoutaiulng a reduoing Rubatanee 
(best sodium thioauliihate, al- 
though sodium sulphite or hi 
sulphite, arsemons acid, liydiugon 
peroxide, nitrous oeld, otu , ore 
also used) 

Fro 465 (a) Single Baih The hosio 

ohromium salt is obtained oitliur 
by treating chrome alum with sufficient soda to give the desired basicity, corrospoiullng, 
for example, with the formula, Crn( 0 H)a(S 04 )E, or from potassium blohroinato, an aoid 
and a reducing agent ' The oompletloii of tho ioiming is dotormliiod by examining a oloou 
cut made m the thiokest port of hide or by the absoneo of wnukling wJion a piece is 
placed for a few mmutes in boiling water 

(6) Two Batha The flint bath may eon tain 1000 litres of water, 10 kilos of biohromato 
and 6 kilos of hydi-oohlono aoid per 260 kilos of bides, less aeid being used with piokled 
hides , more biobi'ornato is often usocL Foi this bath vats with reels oi tlie revolving drums 
may bo employed, the hides being treated untQ tlioy arc ooloured yellow tliroughout, then 
left to drain for some hours in tlie dark, and then Immersed in drums ooiitaiDing tiio soeond, 
reducing bath This may contain 1000 litres of water, 26 Jolos of thloaulpliatc and 13 kilos 
of hydroeliloiio aoid per 260 kilos of bides, Tho treatment in this batJi lasts so mo hours or 
at most a day The sulphur which always Beparates is portly absorbed directly by tho 
hides and partly transforms tho thiosulphate Into tetra- and peuto-thionate. When, oa is 
now more oommonly the ease, a single bath is used, this contains chroTtio hast, wlnoli is a 
boeio sulphate prepared by the firm of Lopetit, BolLfuss, and Gansser ; the prooeduro is as 
in the proooding ease The use of chromium laotate lias been Teoommendod, since laotlo 
ooid reduces ohromium salts, oven m the cold. 

(3) 011 Tanning or clui/nioiavng This is used to obtain very soft leather for gloves, 
clothing, eto Beer, stag, lamb, kid skins, eto , are smeared or rubb6Kl with various fats 
[fish oil, wool fat, poraf&n, egg yolk, alum, oarbolio aoid, sodium ohloride, eto , or, aooord- 
lug to Qarelh and Apoatolo (1914) with steoiio, palmitio, oleio aoids, eto , or rosin ooids Buoh 

' Tho boaio ohromium salt ia formed as follows 
a,(S04)a, KaSO^, 24H,0 + Na,COa =. Cr|(0H)g{S04)a -|- KJ 3 O 4 + NaaS04 + CO, + 23HaO, 

KjOtjO^ + 8 H ,304 + 3Na,S,Oa, 6HgO = + Gru( 0 H),(S 04 ) » + 7H,0 -\- 3Na,804 -j- 38. 
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oa those from colophony, or, bottei, auoorduig to h'abnon, Jjribh njiflatuiaU^d fatty iioidfl 
with Bevorol double Imldiigs], the absorption of whioh is effoofflcSliy lopoated woikuig ot 
the akiiis, followed by drying in tejnd chambers , tlio skins a-^asth»s 
while they oaii bo woahed many times without losing tlioli 

nTfrniy^iai^ypd,b^^ 
ing In soda solution, the 
omulsioii thus fonncrl, 
known ns digrtis (/fee 
p 478) being uhocI for 
uuiryiJig ordinary hidcH. 

Heavier hides (cow, 
lioms ox, bulfaio) ill* 
tended for sadillorv aio 
s iibj 00 ted to in i i leral 
tanning (without being 
treated with lime) mid 
oitenvards to a kind of oil 
tanning wlnuh iinjiarU 
to tlio loathe] uonaldor 
abloneistanue to Unmlnn. 

The tanned Iddos are then Hubjoutod to wlnuh varloH ouiiHidorably with tlio 

nature of the hide and the kind of leather i*oqiiirt'd 

(a) SynoaUivng and Stretching Tlio tanned, inowt liiclo la strotohod on a plate moving 
on wheels mounted on a tiolloy so na to givo both longitudhial and tranflvorso movements, 
tho inoohino boiug known os a striking nut and seouiing moebiiio (h'lg 4/)/5) A bmul 
moving over two pulleys is fiirnishocl with inoliiiod blades of bron/e, eiionlte, glofw, elu , 
tht«o impinging more 
or loss strongly on the 
bloom Bide of tho hide 
and BO squoo? i ng out 
tho water and smootli 
mg out the folds A 
bettor inoohliio for this 
purpose js aliowii In 
Fig 450 , in this, the 
liido is pressed and 
Rtiotohcd by a bronre 
oyllnder having doiiblv 
iiielhiod helical vanes 
Machines similar tn 
those used foi dofloHli- 
ing (Fig 452) are also 
omployod. 

{b) Tn ordoi to pro 
vent oraoking or split 
ting during drying, the 
hides are subjoated to 
slight oiling^ with fish 
oil, linseed oil, oostoi 
oil, lanolhie, d^gras, egg 
yolk, tallow, atearino, paralTin wax, ubo , aeoordmg to tho typo of hide and te tlio ligldily 
or softness requu'od 

(o) Shaving generally follows, this oonaisting ui strotehlng the hide on a nihbtu* oyhndor 
(Fig 457), whioh presses it against a second oylliidor furnished with hellool blados, ono-hoIC 
of these sloping one way and the rest the other way 

(d) Drying of the hides is carried out oorofully in clroulatlng air, which is dry rather 
than warm and does not ofifoot oomjilete drying 

(e) To render the almost dry hides lees stiff and softer, odlierent and hordoned fibres 
are detached by bending and pulhng out hides la all dirootlons , this Is usually ofCeoted 
meohamoally 
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(f) To render sole leather more oompaot and more reraetanl to Avoar, tlio liuloH an» 
subjected to striking by means of a bronze piston operated by a lovor 

striking marks the leather A preferable method consists in roUw^ by iniwuH of n weigh toil 
roller moved baokwards and forwards by means of an endless screw (Fig 45*)) 

(g) Many alnnH are glazedt and to obtain a good, resistant lustre tlu'y sliould bo fiini from 
fat and dry If too greasy they are rubbed with 5 per cent lactic acid oi ai nil ion hi hoIu- 
tion. When dry they are rubbed with a very thin layer of a spec ml di'CHKing (lupu^oim egg 
olbiimm and rculk, and otlier pale 
dressings known, as seasoning), the 
rubbmg bemg effected by a smooth 
agate or glass cylinder 

(h) If this cylinder is finely 
grooved the leather aasumea a 
rough, fine grained surface, which 
may be rendered more marked 
(morocco leather) either by bend- 
ing the hide over on itself and 
rubbmg the surface gently with a 
cork utensil (Fig 460), or by 
passing the hide between two 
rollers revolving at different 
speeds More pronounced impres- 
slons to give the appearance of 
goat, seal, crocodile skina, eta, ore obtained by means of oaloudors suitably iiicisud, Ihn 
upper roller being heated to render the improaaion more stablo 

Those hides whioh are required to show not graining but a ninooth Hiirfiuio, nr(^ flmt 
rendered perfectly uniform at the surfooe by rubbmg both sldeia Avltli puiuuio liy hand or 
more conveniently by a kind of spindle shaped gnndstoue oovorofl with uini'iy (J‘'jg 4(11), 
against which the surface of the hide is gently pressed In some crhch IIiIh ojK^mtion Ih 
completed by polishing the bloom side with a concave plooc of wood, Hiniilar t-o that of 
Fig 460, but with a smooth surface hnod with cork 

(t) Certain hides and leathers are rendered waierprooj by iininorHing tluuu for a ((juplo 
of hours m baths of soap and glue and then m aqueous alum and saKi HolntlouK (huKl 

results ohtauied also with 2 jht 
oent gulatino solution, folloiiud liy 
6 per cent formalin Unnleiwl 
leather for hoot ho1(>h is IntatiKl 
Avitli 2 poi cent formalin for 24 to 
48 hours, chiuinc tauncul luatluM 
being fliihJiKited also to a iiatli 
oontouihigH jicrccuU of aluininitnn 
aulpliato and 1 per clmiI of snljiluirJu 
oolcL 

(b) Homo hhlcH on^ drossad to 
iuorcoflo thch ivoight with starchy 
Fig 4fiD substanoos oi dextrin (hrlllantinc, 

containing ovoi 60 per cent, of 
dextrm, 0 per cent of soluble starch, 5 pei cent of maltose, and 25 pi'r eont nf water) In 
strong solution, with whioh they are treated for a couple of hours in drums j tho ln('n»as(i 
IS greater If magnesium sulphate or barium chloride is used. Hides are loaded also with 
excess of tanning agent, oila and fats, sulphite liquors from aolhiloRO factories, glucose, 
banuin sulphate, magnesium sulphate, etc 

(1) Bleaching and dyeing of hides ore earned out by tlio varltul iiroLWwes usod for 
textile fibres, especially animal fibres (wool and silk) For blenchtng, whioh prepares the 
hides for taking the pider tints, use is made of hydrogen peroxido, sulphui-oua acid, sulpliitoa, 
oxalic acid, permanganate followed by sodinm bisulphite, dilute hyixwhlorito, etc Dyeing 
of vegetable or alum tanned bde is effected at 40“, and that of ohromo tamiod ones at 60® 
Leather for boot uppers is coloured black on the flesh aide by nilibing with conoentrated 
solutions of mon acetate and sulphate, treating with oil, wax, soap, lampblack, etc , and 
then polisbmg with smooth wood until a shining surfaoe is obtiuuecl 
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For special purposes liidoa and leathers aro oolourod with btvaiu oi moi'daiit amliuo 
oolouTB, the ludoa Lebig first prepared by iininersioii foi 12 hours in cold water in wiiioh is 
diasolvod the white of an egg for oaoli Iiido The dyeing 
ia oomod out at a temperature of 30° Ceitoiii loathors 
are vaniished witli oi'dinaiy rosin vamishes In ortlor 
tu supply the groat demand for largo lildos for the hoods 
olo , of oaiTiogos, ox-Iiidcffl and eow hides ore nowadays 
divided, the more resistant part bouig kept for tlio hoods, 
tvnd the flcfih side for the soal^, oto 

In order to avoid the formation of the wlilte efflores 
cionoo— caused by the use of liord watoi and duo to the 
oombinatiou of lime with tlio fatty matters of tlio tanning 
niatonals — it lias been proposed to replace tlio fata by 
inmoral oils, wluoli do not give oaleiuni salts, or to wosli 
■fche hides well with dilute laetio or formio aoid which 
form soluble oolcdum salts The suggestion hns also 
lieen made that the hides bo dressed, not with fats, but 
With the anhydrides or loo tones of fatty aeids, as these 
form enloiuin salts more slowly (tJio purgaial I'eeontly placed on tlie niaiket eoimislfl mainly 
of anhydrides or loo bones) 

M NITRO-DERIVATIVES OF BENZOIC ACIDS 

o-Nitrobenzoic acid mclia at J47°, has a Bwcetiah taste and at 10° disaolves in 
104 parts of water The ??>-Acld, in -])t 141°, diHSolvos m 420 parte of watci at 10° 
and yields a spaiinglY Boluble baLiuin salt The j^-Acid, iii -pt 238°, is veiy 
slightly soluble in water. 

2 4“Dinitrobenzoic acid {ficflp 052) Iiba in -pi 179° , the 2 5- Acid, m -pt 177° 
■fclie 2 6-Acld, m -pt 202° , the 3 4-Acid, in -pt 105° 

2 4 O-Trlnitrobenzoic acid melts at 210° losing OOg and yielding Mrmitro- 
“benzene (see 649) Its use as an exploHivo wqh proposed by the GiiGHheun- 
iJJlcktron Company (Ger Pat 79,314, 1893) 

NnmerouB haJogenated derivatives of the mtrobonzoio acids aio Icnown. 

N HYDROGENATED BENZENE COMPOUNDS 

Considerable mtorest attaclies to tho niimerons liydro^MiuVia lu'-iAh studied 
*by Baeyer in their various oouHtitiitioual and storoo-isoiiio] idos (ow- and luvnfi'- 
iHomendeH fleep 22) 

They behave largely like unsatunUeA aUphatie coynjioundJt (f^ee pp 10 li — 108), 
Q,e they no longer posaesH the stability of tho true benzene nuoleiis The position 
o£ the true double Imkings m thoflo compounds la determined by the addition 
of bromme and by Hubsequent elimination of the latter by roductif)n, with or 
■without substitution of hydiogon, according as tliu two bromme atoms are in 
ipara- or ortho-positions Simple boilmg with alkali often olTocts displacement 
of a double bond (as with oleio acid , see p. 358), so that it is possible to pass 
from one laomende to anotlier 

Tho di-, tetra, and hexa-liydrophthalio and boiophLhalio acids oaii be 
dehydrogenatod m stages by heating witOi bromine at 200° , many of them 
form anhydrides 

Fi'om the results of his invosti^tions on Gie hydrophtholic acids Baeyer 
drew important conclusions conoerrung the constitution of the benzene nuclous, 

Many important hydrogenated benzene derivatives occur naturally, among 
t/liem the nc^hthenes^ found in abundance in Eussion peti’oleum (see p 71), 
■wluoh oontam hexamethylene groupings (see Poljmriethylones, p 610) 8301- 

i^lietioally liiey may be obtamed, for example, from calcium pimelate 
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Also, by condensing 2 molfl ol ethyl Huccinate with aodiiuu and tliou liydio- 
lysing the product and heating at 200°, 'p-fhkelohcxnm^lhjWni^ ih obliiim^l 
Hydrogenation of benzene and it-s homologues, by panaing tluui vii])i)iirn, mixed 
with hydrogen, over heated finely divided nickel, yields heimneihyltw ^ and its 
homologues, hexahydrophenol (b -pt 160 6°), and y’dikcfohc^umeihylvnr (m -])t 
78°) The latter gives the correapondmg alcohol, quinifd {ly-dihythoryhvxtt- 
methylene), which forms various as- and /ra/w-iaomoiidoH Inosilol, t^nigOo, tho 
haxahydric alcohol derived from hexaraethylene, jh laomcia. with flic Iu'Xohcsh, 
but with HI or PCI5 yields true benzene derivatives 

Various na'phthm'ic a<nd& are obtamed by oxidation of tlio luiphlluuKw of 
Russian petroleum, or more easily by acidifying the alkaline soliilioiis uhimI in 
refining this petroleum (see pp 79, 89), and are distinguished fiom ojieu-cliam 
acids by forming soluble magnesium and calcium salts , by tins ineniis tliey can 
be detected when used m the manufacture of soaps ® Charitsclikov (U)U) hIiowimI 
that these acids are not of the hexamethylcneoarboxyhc aeul gioii]), siniM\ the 
latter acid melts at a higher tempeiature and does not givi^ the clmiiurli^riHtio 
reaction with copper or cobalt salts obtamed with naphthenic acids TIk^ lai tin 

.Gila 011 2 

resemble rather Pentamethylenecarboxylic acid, COgH CH<^ I , and 

Ully 

, 3 /CII2 GH2 

Zelmskys Pentamethyleneacetic acid, COaH CHa CIT<; I , whicli 

^ ^GTla Olla 

give the reactions mentioned Naphthenic acids are optu allv mac! ivi* and 
insoluble in water, and boil unchanged The first tonim aic mobile IihukIb of 
unpleasant odour, which disappear as the moleciilai wciglil iiKicasi’s, llu^ 
higher members aje viscous but of lower density (0 98 to 0 95) 

QUINIC ACID (Tetrahydroxyhexahydrobenaoic acid), CO3H CjjH7(OH)4, is 
optically active, but only an mactive modification is known It m obtained 
from the roots of oofiee, cmchona, etc , and forms wluto crystiilH 

Still more mtereating are the terrenes and the camp/mft, wliicli me found 
m vanous plants and form the prmcipal constituents of many rlhncfd mis and 
essences and of many resins 
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,j regarded chemically as hydiogenatod (loriviiiivcH of (wiucno 

^ydrooymene) aad its homologues, and have the generic foiiimlti 
They Me not soluble m water, but can bo readily isolated fioin tlie tialural 
products owing to their volatihty m steam 

The oh^^ ooi^itutious of the principal toipenes have lieeii estahlmliud 
maj^y by 0 WaUaoh s inveet^ations over a period of inoio llum tweiHy yimrs 
By them syntheses, their halogenated additive oninponiKls, tlieii behaviour 
towari^ oxK^ agents and their moleoulor lefraotion tm p 27) it has 

SofXifl 

:niere is, howevM a group of more complex terponos {iimeiie, eainnheno 
fm^ene, etc ), wbch have only one double bond In order to dofliio \ he pisition 
of the double linkages (A), Baeyei numbered the fundamental carbon atoms 

E IB a oolourle» Uauid amellS^UkT^S and' 

permanganate By hydriodio odd at TO)" and wdHtH tho action of 

^ oonvOTtod Into ffiBthy^fca^XUe! 

their tm^ptio°TSCTwrtJ^ a'y Pij^rvluR wood In virtue of 

almnlnlnm J detonujnt power . the 

ode . the Borreaponding glyoe^^n^ os SubrfoS ^ 
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of the cymene hh m tlio firflt figure of the following Hchomc, which ahowB the 
conatitiitiou of five lerpddimen out of fourteen posniblo theoretically without 
counting enaiitiomorpha 


7 



C— C— O OflH, HC3H7 CaH7 CHg C OH3 CH3 C=CHfl 
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Fiq 4(12 

To indicate tlie poRitiou of the double linking in the Hide-chain, instead of 

S ving only the lower number of the two carbon atoms united to the double 
iking, as in the case of the iiuoleue III = A'* '‘-torpndiene , II = A^^ 
terpadiene or a-pheUavdiene , I = A^ ^-terpndione or 7 -terpinene), the numbers 
of both the carbon atoms united to the double Imlnng me given, the higher 
numbei bomg bracketed [eg , IV = A^-'^-terpadiene or terpiTwlene , V = 
A^*'^'-terpadiGne or hmonme) In the official nomenolatme the name terpane 
IS given to Hexahydrocymene, OjoHao, Tetrahydrocymene, CiqHib, bomg called 
ierpene and the Dihydrocymenes, OioHio* tGrpad^mea 

As separated from plants or fmita, the terpones are generally mixtures, 
and when obtamed from comfers aio termed oil of iwpeniine Esflonoo of 
lemon gives cUime , thyme, ihmiene , ouinm, oaivene , oiange, hespcndine, etc 
Although their boilmg-pomts differ little (1G(1° to 180°), they foim tetiabromo- 
denvatives and dihydioohlondos with widely different moltmg-pointa, these 
compounds hence solving for their separation 

PROPERTIES Owmg to the pioseuce of double hnlangs, which act as in 
aliphatic compounds, the terponea con combmo with i biomme atoms or 2 mola 
of HCl (the halogen boiug leadily loplacod by hydioxyl, with formation of 
camphoi) tmd also react with mtrouH acid O]' nitro^l dilonde, forming sohd 
Nitrosites, Ci(>H^g(N"0^(N0), or Nltrosochlondes, OioHio(NO)Cl, which ore also 
Bohd and BonietiTuos bliie 

They oxidise easily and with mild oxidiaing agentH give benzene derivatives, 
whilst on energetic oxidation they roainify , they polymenfle readily, and by 
acids, foL inHtwee, are converted mto more stable isomeTides In oloohobc 
solution they give oharocteristio colorations with concentrated sulphuric acid 
They are usually optically active 

They often accompany the mtural perfumes of fruits and flowers, which, 
now that they have been subjected to thorough chemical study, can be obtained 
purer and of moreased value ^ 

^ PERFUME INDUSTRY A oonalderable number of the iuUw<A perfumRS have been 
prepared from the vorv earlieab times, but with the porfoutod methods of oTctraodun now available 
they ore obtained in higher yields and In. a inoi'e highly refined condition The most abundant 
supplies of raw materJal have always been, and ore sbill, obtained from oasbern ooun tiles, whore 
whole provinces ore often devoted to the oultlvatlon of flowers 

The most dollaato perfumes are thoao obtained from flowers whloh oontalu, along with the 
odorous prlnolple, otlior substanoOB whloh loflne the aroma and render It softer The name 
ortifiotal perfumes was at one time given to mixtures, m proportions oorefullv ohoaen, of the 
fondamontal natural essenoos, a m^t variety of perfumes ^ng thus obtained , this, however, 
required a very highly developed sense of smell in the operator 

The difioovei'y m omdolal perfames did not diminish the oonsumptlon of the natural produots 
slnoe these beoome cheaper and thus appealed to a larue public 

The oonsumptlon of perfumes fluctuates with the fortunes of a nation. The early Eaatem 
rooBs and then the anoient Egyptians Introduced perfumes Into rel^oua ceremonies, their secular 
use being often forbidden Graidually, however, they beoame used imr domestic purposes, together 
with many different pomades and, m some oases, dyes. Egyptian pomades were held In high 
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CINENE Terpadiene or Dlpentene, Inactive Lmionene), C]oHi„ in foiiml to- 

gotbei with oineol m Oleuvi etna) and also in I/ivrw eampluira and In Biisslaii and Swodisli 
turpentine oils It “is formed by isomeno ohanga when onmphene, notivo liinoneiie, piiiono, 
etc f are subjected to protracted heating at 200° to 270°, and is obtaniud, together with 

esteem by Cleopatra With the andent Gieeka, the use of perfumes and onsnioHeH h^uiikkI 
considerable Importance and often degenerated into abuse, and SooratM states that if iwoii 
a slave is anointed with a good perfume be will exhaJe the somo CKlmir as his inattLor 

perfumery flouiidied under the Bomons and deolined with the !E!iTipiro, lieliig re oHtabllHhocI 
m Italy only at the tune of the Ronaisaanoe, It then pSiSsed into Fraiiue, whoro it bocmino ii ti U(^ 
national industry, onlmlnating at the time of the perfumed Court of Louis \V , , 

Until about the middle of lost century, ITrance enjoyed almost ft monopoly lu this industry, 
but when soienoe pervaded this branch of hunutn activity, the ITroiioh rule of tliuiub luanu 
faoturera did not grasp quiokly enough the benefit to be denvod from ft rational (lovolopiniuit 
of their industry, of which England and Rusalft and, moro ospeolally dui-lnK tlio nost ciiuirtoi 
of a century, Qormony have token advantage At Grosso ond CnniioH, In the St mill of J ranoo, 
however, the natural perfume industry is still of importance, coi'talu fftctorlon dctaling with 
as much as 3000 kilos of violets (40 to 60 miUionB of uowors) at a time 

As has been, already mentioned, tlio prime materials oomo iniunJy from LoH^rn Kuiopn, 
and at the present time also from the Ear East, but the oiiltivatioii of plants for porfuineH is Htlll 
largely oaimed on ui the South of Erance and in Siody . i 

In annuals the essential oil is formed m the green organs, and the niftjonty nf It 1 h loimtl 
in the flowers before fertilisation The extraction of perfumes from flowers ftnd leavcH 1 h oiujiod 
out m various ways t (1) By d\sitU(Ufon with direct or indirect stoaon or la fucuo, tlio distillfttOH 
of different densmes being separated , this method is used for lawwler, rosciiutrfh ihymv, nrtmut 
blossom, and roses, Avhloh are unaltered at steam heat. (2) By %7iftiston for 12 to 4H liourH 
at 60° to 06° with pure fats (olive oil, etc ), the flowers being renewed four to six tlmoH until 
the fat IS highly perfumed , the extracted flowers are prosaod to free tliom from fat, luicl tlio 
perfumed fat run Into enamelled Iron vossels as a conoentrated pomade , iii this way are triifttiul 
cass%a, vtoUls, and sometimes orange bloaiom and roses, when nnxofl with other JloworH 

(3) By absor^ion in ths cold of the more defioate perfumes of jssstmunr, ^alwlroj/r, and luljsrosrs 
m vessels with glass walls smeared ■w'lth fat or ooverod with olotli soaked in oil, the ^tftlu arc 
pressed and rnbrad, being renewed every day , after some days or at the end nf tiio hcuhou 
the perfumed fats are shaken for a long time with alcohol, which, oxtrantn all the porfuino To 
obtdn colourless products, Fiver posses a slow ourront of air througli tbe llowom and tlum on 
to the fatty surfooe (4) By dtssofutton. The use of this method is siirooding, os it mvos Jilglily 
oonoentrated, very dehoate perfumes. The flowera are immorsod in potrolouin other, onrlxiii 
disulphide, etc , the perfumo being extracted by a ourront of steam from tho Holvout, whioli 

15 aiterwai’da recovered (6) By pressure mth hand or hvdraulio prosscs, this method lining 

employed with orange peel, Dergoniot, iris rhizomes, etc Tho yioldH obtained per lOlK) kilos 
of ^voff or flowers are about as follow, the prices being those of 1013 1 kilo of oru?ii/fl otl ni 

nerolt, from the flowera (value £24 to £28), or 3 kilos of priil mxitn (from tlio loaves) j 1 kilo 
of essence of basil (£0 to £8 per kilo) , 1200 grms of eaa&nce qf nlroncUa (HHs pec kilo) , U to 

16 kilos of eucalypius otl (from the leaves) , 12() grms of essence o/jessamtiic (from fresh flowers) j 
1 kilo of psranium oiZ (from flowers and leavoa) , 10 kilos of otl of lavfudrr , 6 kilos of mttrj(tr(im 
otl , 2 klloB of tmnl oxl , 3 kUos of rthyTih oil, 2 to 10 kilos of roserrutry otl , and 200 to 600 grins, 
of rose otL 

In Germany, olthougli tho climate does not seem very favourable, tlio (udtivftlinn of ecrtaln 
flowers for penumoa is largely oairled on m somo districts. TIio perfumery faelnrieH have 
hundreds of heobaroB of londunwr flowers, not only for commercial purposes but alsoforanalyili'al 
and reaearoh work One heotore yields 10,000 to 16,000 kilos of 1*080 leaves At one time tiie 
Arm of SohJmmel (Loipslg) treated as much os 600,000 kilos nf fresli rose leaves per day, 300 kilos 
of rose otl being extracted , this was repeated two or throe times In a month (ilunu) A kilo 
of the oil IS some times obtained from 2000 kilos of the leaves. 

Rose cultivation is, however, carried on most extensively in Turkey and Bulgaria, wiiere 
preference is given to the red rose lJ2ow damasccena), which gives on an average 1 kilo of oil 
per 4000 kilos of leaves, although white roses {Bosa aWa), givnig 1 kilo of oil per 5000 kilos of 
fresh petals, are also lar^y grown. The product from the latter variety la less flno, but It gives 
an oil crystellialng at 18° to 20° and is u^ to mask oils of lower quality , the market value 
of the oil is jnd^^ed more portlonlarly from the freezing point, which should be botweon 17° and 10° 
for good qualities. Adulteration mth alcohol or spermaceti Is easily disoovered, but it la more 
difficult to detect additions of geranium oil or polmorosa oil 

In 1887 ^rkey produced 2400 laloa of pure rose oil (attar of roses), whilst In 1004 and 1006 
the output reaohed 3600 kilos The annuu produotion varies very ounsiderahly, as the plants 
suffer greatly m dry seasons, eapeolaliy if water is soaroe In the month of May proofing the 
harvest , In 1007, indeed, the output was only 2000 klLoa. 

In Bulgaria roses are BtUl more largely^own, amd here, too, the production varies widely 
At one time tivo thirds of the oil wont to Jranoe, but even prior to the war only one thl^ wu 
sent to tho Erenoh footonea, one-third gomg to Germany, and the rest to Great Britain and 
the Umted States 

The price of atlar of rosea vai*led before the war from £32 to £80 per Idlo, and was formerly 
Vii gTiftr thAn this 

In 1004 H von Soden patented a process for obtaining more refined and delicate perfumes 
from flowers. Ho first obtained a petroleum ether extract which was then evftporatw and the 
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iNn|)r<'ni*i mIii n iiililii I im liiHlilliMl 12 inoiH i>t iho 7*^1 >///*/;« (ML ('((Ml,) Cif^iUiulor 
1 iimU iiHiilmn 

It liiiH n {iliiiNiiiil nddur of li'iiioiiM, iniii IhiiIh u( 17(1 Nitrosoclipcntcne (inucllvn 
) lui'ltrt 111 il I W itli IK 'I I nil ni' MliTiMilwuiH'rln <hii(ulvut^ thhifdrtHhltinthM 
(1 ( (111 liIuKiii I pniiM), nil IliiiK iuhI 2ri htrahrnmKh unlUat 1125^ 

CAKVENE (r/ Linionune, Hi*si3cridiiii!| CLlrunc)i C,„H|qi fojiiiH Him ^iiaK^ julH of oiaii/'o 


riHjihiit liilifiii ii|i ill iilifilint, (liM liitlir luMii^ ilUllllrd ciiF iiiiil Him n^rtlduM dlHlIllMd in HUiaiii U 
nnihl, liiiunMM 1 ) 1 * iHHiitMil iiiiL lliul willi thlM priMiMKH, 1 Idlo of Him IliiitHl hihm oil would now 
roNt llTiJo iind 1 kilo of nil of mdImIh i viui linin' 

I'^iiin \^||llt liiiH lii'i'M nln*adv Hliilnii, ll will lie rimiiijnlMi'tl thul MoiiHldnrahlM liilMri'Ht ultuidiMH 
In I Ilf* Hhid\ nf till* mini pMHil inn iiiid I'niiHlilullnii nf 1||i*m* mhh4>iiim*n mid in tludi iirtilii'iid prodiiwbioii 
liy NMilltnliiiil iiuiIiikIh In fnrnn*r Iiiii(*n, vurlniiM mlllli'lnl ]H*rFiini(>H liavn Ihh'Ii oliKdiiiMt 
Mni|iir]( nll\ , UN wiiM iiImi the* ( iiHM with Him ilrnl mud lai d\i', \i'1 II Iiiin nMiiuri'd HyntnumtlM rliMiniMal 
iiiM*HliKitiiiin III o|M*n u|i now lifhlN 111 lldn diiiN'llon Ihiriii^ llii' hiul ,10 wnrut (In* iMinHUiuntion 
nf |HjfiiiiH>N liiiN iinniiHtd frnin IIMIMMHI In VJ, IIMI.IIIH), owliiK In itiM diniinlHtiMd prUu'H (if tlio 
iialiiral and iirllln ml iuihIih |h 

M'lii' lirnt iirlllliiai iKiritMii* wuh iiitrnliMii/i'Ui ni arlllnditl iii\iIiii-iim nil, wliinh 'wiih dlNMOvonul 
l>\ iMitm 111 ilii h in IHII. pint id on llm iiinrUnt liv ChHih mid nianiiruKtimHl oil u Inr^M hmiiIm hy 
iillnitini; liMii/HM'frnin ini liv MniiHlU*lil in IHI 7 Jii ahniil IHKI, Pii in iixldlHi'd (atrliiMOHliiM 

rniiiid in witlnw haik) and IIiiih uhlaliiMd huIu vliddM)i\^lM, wlilnli In Him |ilmiHanL Hini'lllnf^ iwhi'iimm 
I lf •Syiir'ini tilmttnn (nu aduw nwcmI) A fnw Viam liitoi In IHJ I C-tdiniirN NumiiHulMd in iNolatiiiK 
llu iuIKm |ii uinipli* Ilf fttuiltlunu nr iiHiilt rip'n 11 nd, iiiUHlNlini; of iiiMlhyl HnliMylntM, mIiimIi ntui 
ill* iililalnrd h\ nllu'tii ally li\ hi'iilin^ Hnlii’ylli’ iinld w Ith nml I13 1 alnnliol (wihhI Hpirll) and Hiilnlnii'in 
aiiil, Manx of tho iinllimt |H'rrnnniH moiUiuii iddnliydMH, and In iHfiil KorLaKnini hIuiwimI bow 
Kiev iiiiild lin Hiijminlml pun* hv lirnt (innilihiini' Lltnin wllli IdHiilpiiltM Hmznhhdtydt wuh 
HM ilIu nIni d li\ ( alHiiiiM in IHIW. and rmoiirtriH. tin* i'mw'Ui m nf UjurHht fx/nm/f/, by Perkin in lH 7 fi 
In IK 7 II lIuiLiinanu and M'lMiuann aHi'Milaiiiid llio uniiHlltuLlon fif mmftm IuLmi pi('imrln>( It fiiini 
niiifi nil nr, iM'lti'i Nidi, riniii 1 ii;((*nnl Mxlnmli’d Imm mIovm oil In IHHH Ifniir pri'iianHl tnlillttru 


In iHin 'rifnmiin and KriiMui Hiinrndml In MlFiulinK Him hviiIIh'hIh of vlnlnt nil, ppi'vlnuHlv 
ilitainiMl 111 1 nnrniniiH («\pi*nMii froiu Lliii iialiiral lloworH MMiny uIho HopiinitiMl inriur, iliu iKloniiiH 
iriin ipli Ilf IiIn nud, and doti'iiniiH'd llu mIimiiiIi al uinHlilulliiii liniiii'diiiiMls iiftMCwurdH thov 
irajiarml n^ nilmtii ull\ mi iHinni'iidM uf inniM, 7 ii//ii//i (xii /n/ir). In wldnli tlin dMlInatM ncloiir of 
In* vlnli»t IN (luM *hif MM iiixMNliKuinrH liMainil Mitral, wlili*h in Mura In abiiiidaiii'M in iMinonH, 
Mill iMMloiiM in mIm unlivdriiji*, ummIIi* anid, mid Hiidiiini iimmIuIm, nliluiulii^ iliMl pwiudn ioliniiM, 
vliiili IniN an iinpIcuHanL Hinf*ll, and, win 11 tn'iiind with ndiiMiiiL iimIiI, ylnldH liuiouc* 1 hi»Hn 
irni mnnmh hmim jiatMiitnd liy MMi'iiimiii and dlHpciHi»d of liini to Him jihwI Jin[)ortunt purinino 
imnnfuMtinvrH fm iliMKHi - „ , , 

M'lii' Ntudv of Him ilii'iinMuI 1 unHllKiLliin nf Hh' MiinniiiiiMMlN nf iK'riiiniMH rovnalH a nnrtaiii 
i'latiiiii lii'iw Mi'll Him niniini and tlu' prMHiuic'M of di'lliillu ibtinuiM Kioiipiii^H (iwao/i/fon x) ami 
ittomptri WMici iiiadM til i*NlidiliH]i a pirfuniM tlimiy on iv Hiiidlm IiuhIh to llio moIoiip thoory of 
inlliiiM iImh, Him Mlmnn ti riHlin umwpH of wIiImIi him iMiimd rkrinnoiihunn It Iiuh not ynj bMOn 
niiiitl luiNMildi III forinidain 11 tliMni v aa lixnmuH an thul for Him MoliiiirlnK iimlU’rH, uinl all that 
iiw Ih'Mii ilxi'd IN Hial nhlf li\dMfli kotoiiMN, iiiKad Mtlh'rN, mK* , oftMii inilMr Into Him MniiHtitiiUoit 
if iirrfiiiiiMH, and Hint the jiiliinliudlou of c'Mrlnln nlMoliollM i‘MHidnMM Into Him inoh'MiilMH atay 
iilMtiNif^ or mollify Ilio nroiiin MMic* iMtlliiry butyl ^rllup jirodiiMOH Him ikLimil nf lUiiHk in 
rinllrntiiliii'iiM, tilnllnixylMiin, iK ...... n, 1 

'Him nMlIoii of piTfuiin h on llin nlfaitniy iimi\i*m Ih not tlinroiinldv iiiidurHlooil, lillJioU|^li 
i In niKaiilMil In HoniM hn dm* In xjbniLloiirt ni I ho alliMr Hintllar In IIiohm liy wIiImIi Jlf^lil iiud lu'iil 
re IniiiHinltiiMl, tliiw* vlbrallniiH (irltfiniilniK from Him nsldiitloii of Him HiibNlmiMi' in Him all 
*hlH IivpnthMNlN HMMIIIH lo Imi Hiipporlml ]|\ Him fant iliat nuinv udoroiiH miiIibUiiimmh omit no loiioll 
Imii tturkiMl and dim Ilk d in mi liiMrlHiw liiNbind of in ah 1 1 in now*. Iiowmvmp, W'liMrally aHHiiiiuul 
hut tliM hiiimII Ih pro{uii{utMd hv Hniull partiMhm or iiioIih'uImh, whlMli Ik^moihm dotmfhiNl anti, I11 
lin HtiiU* of itiiH, Miinm into tniifaut with and ojiMlli' Ihn impllhi' nf Him niuud iuiimouh niMmlimiiM 
‘liM fuMt that f Ml tain aiiliHtiuiMi'N lm\p Ilttln hiiimII In Him lain' nr MoiiMMiitralml hUU' and iwkiuIw 
I mlr iimidniiiin hiiimII oiiIv wIimii doiiHhlMnihly dIhiLi'd. 1 h wmII ("fplidiiMcl by mudi'm vIowh oil 
oliitioiiH, dlNHOMlalinii in dlhitM HnlnticmH glviiift I'lw tn tho iinrn’HiMmilliirt Ioiih, whloli IjiHiomo 
IntuMliwI Hiid mxmIIp Him olfaitloiy hoiiw*. Tiiat inhihnul truMM of tluwo «ul«lanfl®a tTumumb 
torfiimo Ih hIiowii by Him rotMuIlnn of thin propiTty hy KiiniiuntH wliinli have beim waijliod llvo 
r hIx tlim»H (xpp KximrlniMrit daHcrlhrMl In Vof L, ji, 4 ), A HorloH uf tiwla, iionti'olled by bnn 
//ttrFo7«*'/rr, iihowwi that moat men - who liavo by no im»aiiH a vory delloalo aonwi oC Hninli in 
omimrlwm with ofilier iinlmaJH lion olvud thp uihuir nf I part of pruBHlti uold In l(K),(MKl of wator, 
lu'p iN»nt of llio individuals Mjcamlnod dotMutlntf it In a dilution 01 1 in S 2 , 000 ,tHHj, Hf tUu 

howovMr, not nun won abln to deloub pniuilo oold In a dilution an Hinull an 1 111 ao,rKM) 
'hfiae rtttulUi Hupporb tho view that itml* anlmaln nro very aonaltlva to tlio odour nf tlio fenialea, 
•hlrli HorvpJi to axoite thiir noxiial pAsiilonH, Some Indivldualfip tormod tinowiifl, are quite 
itIiouL Honse of hdicII ..... , 1 j 

Tho iiiHueiioe exorolHCtl by tlio ftrtiflntal -p^rtumDa on the price of porfumoH In tfemem ia 
liwtrated by tha fart that boforo the war nyiithatlo vanillin wm aold, in Inivo oinounta, ^ 
Ihi por kiln, whoroaa 8(1 yoaw oarlier the natuial product ooat up to £140. Awo hoUotropln oort 
I 1U81 £10U por kilo In IHOU £16, and in 11)02 nob moro thau SOs. * 
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peel oil and also ooaurs abundantly m oiinun oil, onethum oil, oto , , lemon oil k a m 
of pineiie and limonene It la a liquid boiling at 176° and la opLicallv aotlvo oJt 
readily convertible into inactive diiientcne It forma a dextro rotatory totrabn 
melting at 104° 

i-LIMONENE, CiqHib, tho oonatitutloii of whioli la shown on p 70 J (V), oan bo ob 
from d narvone, and ooours, togothei with Z-puieno, in pine oil Its totrabinmido 
at 104° 

SYLVESTRENE, CioHm, is possibly denvod fiom 7a-cyinone and forms a duxtro ro 
oomponent of tuipentiiie It bods at 176° and gives an iiitenso blue oolorntion wit 
oentrated sulphuno acid aud ooetio onliydnde. 

TERPINOLENE (A"* Torpadione), CiqH,o, has tho ooiistitution shown at IV on ] 
It IB obtained by the ebmmatioii of water from terpmeol and melts at 186° 

TERPINENEj boiling at 170° to 180°, is obtamed m the transformat 

vonouB terpenoB Its nitrosite forms monoclinio orystals melting at 166° 

DIHYDROCYMENEj C^oHj^g, obtamed synthotioaJly from ethyl suooinylaiiuoLnatc 
at 170° 

PHELLANDRENE, CiqH^o* ^ known in both tho kevo- and dextro rotatory forms 
having the same ohemioal and pliysloal properties (excepting the optical rotatior 
boiling at 172° The former (2-) is found in Australian eucalyptus oil and the lai 
Anelhum fcB^ixcidum and in water fennel oil {PhellandnuTn aquationm) 

MENTHENE, C,oHib, boils at 166° MENTHANE (Hexohydrocymene), CigHao, 1 
at 170°, does not occur naturally, but is obtained by hydrogenatuig oynione in pr 
of nickel 

COMPLEX TERPENES 

Like the preceding, thoao are composed of a monocyclic system, Imt 
two rings , they have only one double linking, and hence comhinc with two i 
of hydrogen or hdogen 

They can be converted leadily mto oymone and its deiivativea 

The following four diagrams show how a tnmethylene ring oi lm< 
formed m Carane (not known in the free state, although tho coiTospo 
eatuiated, eynthetio ketone, Carone, is known), a ■totrainothylono rmg in p 
and pinene, and a pentamethylene ring m oamphane 


CHg CHfl CHg CTIo 

OH CH C f! 



Coranc FJnnno IMnano Canipliaii 


PINENE (Terebenthene, Laurene, Menthene, oto ), C^gH^g (constitution, see above), 
one of the pnnoipal oomponents of oil of turpentine, occurs ^so in sage and juniper oJ 
mix ed with aylvestrene and dipentene, forma Russian and Swedish tuipentine oil 
Whdh inoiaions are made at suitable seaBons In certain vorietlffl of pine, flr, and 
a kind of balaam. is exuded in tho form of a juice which gradually olionges to a soft 
more or less clear aooordmg to the quahty This is known as ordwMfy tUTpeniMte or Am 
S^nch, Venetian, ocoordlzig to the particular tree and to the locality of origin 
Ordinary turpentine ooTifliflts mainly of resin acids (abietio and other ooids a 
oorresponding products of acid oxldatioii), its saponMoatlon number being 166 to 1' 
its iodine number abtfut 160 When turpentine is distilled with steam, the liquid 
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ni till of lurffrntiHi (1ui|ih) ih (nlltHliMl Ni*|mMiliI\, thr uhuli ih Ntilnt m llii 

Ih Colophony' 'Ptu (if (in Iiii|k iiLiik* fmiii woikIn (ir Iik 

Htuill|)ri ll\ IIKMIMM (if Hllllnllll' H(lI\(MllS IhIH 1h( II 'I'lu n(MIM|IS IlI^I lllxt (I('(IM(1 \l\ 

i \|il(mi\t H and tiu n hi\\\ n up ami lanpi il. tiu linn iiuinm dirihlii il w il h nli'iini In n't n\ o\ 
till |H nliiu' nil lunl (tin icHiiiiii' nxlnudi il wilh Ih'ii/i ik' in (ik hlnnmlln IcniMir hoi wntxl Inr 
ini\ciil with pint ml (US I'al SHJ J'i(l) , iiftt r uMniMTX nf tlm hdIm'iiI (liHljlliUinii, a 
(liMiHc^ niiisH iiMiiaMiM iniiijMiHifl of Mil pi i ( mil Ilf ( nliiplimiv and 111 [m i miit nl cal nf tin 
pmilinr nd nf I iirpi idlin' ih nitiliul li\ hmilin^ with Htiain in piiHman nf (in ]ht imd 
nf (|Uiokliiiu‘ Ah Ihi^ nd alwii\H n'HiinlliH In Hninn ('\(('id w Ikmi i xpnNt*d (o (hn nil, d ih (iflmi 
fii'Hlnililr In itdmtd it lafnii urn 'i'lin and U'hh a^intMildn ndniir nf liiiKHiaii and 

Urctk [uijinidiiin oiIh jh rniunMul nr liHHmii'd li\ Hlialciii^ with a Nnliilinn nf pnrlnu^^allti((^ 
di( hniinaln. nr pm’Htilphidi' 

I'Viah (111 nf hir)K*tdiu(' in (ilrar, (nlniiiliHN. and hi^hl\ ninlnln, it haa Ihn Hp I) Knn 
In 0 H7n and IhuIh at Kid in 1(11 It ahanrlw and oniidiiinH with mniHidcnildi* (piaiililuH 
nf (i/niin and nxs^t'M pait nf Ihn lath r la in^ aniiM'rlnd iiitn n/niin and Ilia nil at (hn Hiiiiin 
IniK mHiinrMn^ It di'(Hnl\(H milphtii, phoH[ihniiiH, iiddii'r* and i'i'miiih, and ih Ik'iu n iimci 
for MirnirilicH, lat'a, nd piiiidH, I'ti ^ 

INTiniin^aMalM in arid Hnlidinii (nuiHroiiiiK d parllv inin Plnoidc acid, U|f,||,,|(^, wlidn 
wdh dduln nitrii m id it kIkh Tercphthallc and Teroblidc acldy, U,|l j„()j It rmints \ Inlmdly 
with indiiic in dm lint, fnriiiiiiu nvnmia* 'I'lii' iviatinii Im^Lwcimi ii'hiiih and ainniatin (Hiin 
pniiiida Ih (*Htald{Hhi'd hy tlm fai't dint wIkmi tlm fnimi'r nii' diHtlliid with /Jim dimb dn^y 
^>rni nmiiiatm h\drni>arhniiM, whdn IF ftiHtil with pntaNli llmv f^dd In Indinw 

laai/micH [{.I'niii HidiHlltidcH ov tirt{/innl riftiuH am imw pri'pimd h\ Imalhip; plimndH wldi 

fnrnuild(di}d(^ (w/ Ihmkdih', p (141) 

AiiMinliiiM to di(i prnpniidmiiiirn nf lawn ni dt xtni plni'im, 1iiriH*id iiUMiil ih lm\n inliUni;^ 
(Vi'iU'tiaii, (Inriiiaii, and h'nnudi) ni d(*\(n> iidatniv (AiiH(ralian) 

IhiU'in (‘nidniiiH niil\ nia' dniihln linking, and hciHt' iiiiiliH wllii nnl> 1 nml of llUl, 
^l\lrl^ Pinenc hydrochloride, UjoHi^UI. wJindi nn IIh at I^H , and ImH llii' Him 11 of I'liinplinr 
(artiflcl&l camphor) Wlnii tn'iiti'd with iili (dinin' [HitiiNli, IIiih h\ ditHdilniah' Ih inn\i'rt('d 

' COLOPHONY (roA/ff) w liurd uinl hrlttli*, iu Hp hi in^ I iinti tn I osn at Ifi ami ita 
fra(tnn> hIiIiiiiiu ami imhii hulditl At ( niilmK In Ihn ipiidlh, IIn i nlniir MirioN fmin Ni'llnw (.n 
hmwn, hut li ^Ivch a uIiUIhIi iinwdci At TO il hnniiifH Hiift and It rnriiiH a kind nf (MnnlNinii 
with hnl watrr It nlwa^iH iik'IIh hidnw IJfl and it m iiadlly Hnluhli' In altniinl (I In 1(1). nlluT, 
iHimni', patmhnnn (dlii'r, and (Hiiinti dlHiilphhli* Il Iiiiimh with a Hnink\ linnii* nndi wlmii 
HMldtHlml tn dry dlHtiltnlinii mil i»f Miiidiii 1 wilh (In* all, vndilH n/nti mt It (iintalnH nhitftc 
nra/, diullo^Ori, which iniH Iwn ilniihh' liiikin^H, at KIH , a ml Jh Nnliililc In Iml iih'iihni l•'rnlll 
fftilttfuU Ttifun {J*inuii 7nr(n/(/ija) /uamrir f/rn/, t'^ullRnddi ni iil I IH , linH larn nldiilnml 
(\iliit>hnn\ luiH llin I'nhdor^^ [inwri (IlMr, and tiiiMicld niiinlior Nn (n iHfi 
OiiiMii nipin nf Hr I nnlatiiH iihnid It) klhiH of lui|HMdhm, whlcJi \l(ddH an iiinch uh 7 kllnH 
of anliiphnn^i wink* I m ninln* nf pine uivih *2*^ kthm of lui]N'idln(, IIiIh ImivliiK III It Ullna nf 
(uluphniiy. llio Ian h i|[v(*h an inlarirndlaLP \ip|d 

(^llnpllnn^ Jh iimhI in tlLl'^(' ipmntllli'H fni nilxinif wilh HmiiiH {mt lti>tiln Mnatui, p n|H), fm 
hIxIiik tia|H'r, fnr nmkliiM MiniiHhaH, miuilh h, I'h In tlm Uuitml Stall h .in jh r ('(nit of tlm (nlnl 
output Jh uw'd in nnap niakhiK 

U\r>£n (piaiitlth'N Ilf it ari> innnrpnratiul with artith'lat wax (iipriiHiii), wliiih Ih IIiiih nhcajfmmd j 
to(/(af/nrtM tin' I'CHln, It Ih 11m ly urmnid, iiiaKratiMl with dtliiln Nulplinrlc at'id for H nr 11 da\H 
and than HUNiiPiulcd In ho( wati«r and Hutijichd tn a jid nf Htcam fnr Hiimi« llim> Afliw tliia 
treat nunit II nieltH and inKiM wtdl with the ('irnHin 

Unlnplinii^ Ih alno uhpiI fni inakhiH himiIihx wax kv mlidn^r with H|mllai\ tin peiitlm*, and a 
lar^i'r ni Hinallpr iiinnlipi nf inlm>ial HulMtaiii'iN (i liidk, hnint u\)wniii, inaMiiPHla, xhm oxtili', 
baryta, knulln, oh ), amirdliiK to the fpialltv mpilrtil | iho fiiM«d iiiaHH Ih pnlnnrod wllli i iinialiiu 
(fnr tlio liiior it'd f|uaI{ll(»H). minliini, fnnli n\idi>, ni nut iii<hr4 The IiohI ijiiatiih*ri nrinlaiii mill 
4(1 per (ont nf miiioral niatlor and an' inalnlv Nla'llac, while tin* Infc'rlnr kimlN nontidn oh jiiuoTi 
UH 711 ])oi' ii(*ah nf miiK'ral iiiaLtor, (ho nwldiin iHdiiu piinoliiallv imlnnliniiv SoidliiH wax Ih 
inlnurnd hliK k by lamidilatk nr hnnohlai'k, promi by Priuwlau liliio, yollnw by olininio yollnw, 
nr liliio liy iiltrainarino i wlien finual, onlophnny iim> ho oohairod alan with aipnl nr Indanthnuit' 
dy(*H (7 a.) SubAtUnti*H fur voaluiu wax uin now pri'parod fmm artlfiolnl johIiih (h/h ji. (I4|) 
f'riijrd realii Iuik almudy biaui (W'rihed (p 4US) i^a/anu/r, a Hlmtlur roalii, itl\oa Him, pale 
\arniHlu*H , AuHtmliau dammar nr nojial lu known uImu aH kauri ^lun. 

■ Oil of Turpentine uonatHta alniuaL ontirelv of / pliiDne {Irrfbenihf^nr) find d pinotio 
{av/iirnlriir) The iuohL lasmTmin nnmmfindal varlattsM an Ifrenoli, GCngllih, Kiimlan, (Borman 
and AmoHran 

The HmoU of Dimpoan turpentine oil liai boon Improved by treatment with oxldliiliig ogonte, 
■uoh fM permaiiKanate, porHulphatoe, or elimmlo arid, or, lielter itlll, with hydmgon peroxide, 
■odium peroxide, barium peroxide, or oxUlea of nltrogBD 

By Hultable applluatlon uf HalphonV reagent (p U37) or muruurio aoatato, C. Clrlmaldt (1010) 
^vafl oblu to detect adultomtlou with pine oil or resin oil 
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iQto CAIAPHENEj ra pt. 50°, whioii is known m tlii'oe optical inudillcationH and 

traqsfornied by oxidising agents into oaniphor and by o/ono inlo tho o/onidc^ (Hoiru 
1010), these reaetious establislung its oonstitutioiL FENCHENE is similar to uainpJioi 
but la an optically inactive liquid, boiling at 168° to 160° , it resisU tlie action of nitr 
aoid, but not that of permanganate 

CAMPHANE, CiqH^, forms white volatile crystals ineltuig at 154° and boiling at KM 
and IS obtained by reducing d or I bornyl iodide. It is optically Jimctivo, and is the saturali 
hydrocarbon of the camphor nucleus 

HOMOLOGUES OF TERPENES The most interesting lower hoinologiio is Hem 
terpene or Isoprene, OgHg {see p 109), whioh gives various tor[)oniQ jiolyinoriHaliou ])r< 
duota, such as (CgHaja (Clovene, Cedrene, Caiyophyllene, etc.), CjoHga (Colophene), (^gU 
(Rubber), etc 

RUBBER {caoutdiouc) is obtained from the milky juico {hUex) exuding when incisioi 
are made in the stems of certain plants growing m the tropical regions (d South Aniorii 
(especially Brazil), Eaot and West Africa, Asia and Polynesia (Ceylon, Malacca, Suiuatn 
Java, etc ) The plant fomiUea giving rubber are Eu 2 )horhiac(i(e (tlui gonuH Flpvm hran 
liensta of Brazil and Ceylon gives the best Para rubber, Mainkol, also of Uro/il, etc ) 
Moraoece (especially the J’toiw clasUca of tho Most Indies and tl 
CasiiUoa of South America), Apocyiim (especially tJie gem 
Laiidolphxa, growing m Africa), etc 

In some dlstnota the trees woio formoily cut down to ohLoJ 
the rubber, but nowadays V sliapod or sjiJral oi heirJnghou 
mcosiona are skilfully made In tlio bark (Pig 4011), tlio late 
bemg collected each day When tho growing use of the aiitomohil 
Involved a great moroase in tlio demand for lubhcr, plautivtlon 
were laid out witli selected seeds and plants, wliluli are corofnll 
cultivated 

Coagulation of the Rubber is an Important and (Udiuate opera 
tion Aooordnig to Henri (1906-1008), tho faintly alkaline late 
oontoina the rubber, ready formed, in tho form of nnmit 
emulsified drops (60 milhons poi o o ), whioli are in oontluiio 
movement, and of whioh this autlior was able to obtain 
olnematographio representation, a ooaguluin is produced b 
aoids, by salts of divalent metals (Co, Mg, Ba, eU) ), and Jen 
rapidly by salts of trivalent metals, oto , but not l)y alkalis Th 
oondltiona of coagulation, which aro not Identical with (lifTta*en 

vaiieties of latex, arein general related to tlio quality of the rnblie 

^Ided The best quohty {Para rubber) is obtomod by drying supoiqwHcd tliln hiy(W o 
fresh latM in a mould by means of hot gasra until about a Imndi-ed layers, eacli about 0 J 

oommonar quaUtloa ruti sot by tlio Ja-at of tlio hiii. 
^^dition of amd and water , the oleotrolytio aeparatlon of nibbw biiH alno boon biiu 

if ^PP®“ '^® obtained w Ith HJf or ( '0 

^ 237,780, 1010) or with formabn or a traoo of morourio olilorldo. Vanou. 

plant jmoes, salt solutloiiB, soap solution, etc , ore also used 

leave the proteina nnohanHod and ahould foim hoimliwi 
Balts with ^eral oonstltnenta. Snoh subatanoeB as aoetao aoid do not answer those 
req^rements. coagulating action of smoke, used by tho natives, Is due to the earboi 

Sd flQlir^ht ooagulants, liannlosa In excess. ITrank and Marok 

wald a012) obtain good results with tannin. Coagulation by heating in ohurns or In 

® spreading nowadays. To preserve the latex Ld prevent oxidation tiu 

addition of 4 grms of hydrosulphite per htre has been suggested * 

The ooagnJated r^ber IB marketed mdlfierent forma ian4 is djstliigulahed as I Araerlcar 

whSt^f ” almost hlook outeide but pole bniwn Jr aS 

has sp gi 0 01 to 0 07 and is of more or less unpleasant odour. It Is hlghlv 
at ordinaiy tempera^ but only slightly so at 0“ When pasted for soSo time a^ 
60 It beoomes plaetio and loses its dastioiiy. whioh Is regained 

1 Kubbm is sold as erSpe, balls (10 to 60 kilos) and marbles (3 to 6 kilo.1 i n * 

buttons, oakes or bisonlts. scraps or niggers, strl^, twists. olX? 
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100° it beoomos soft, and at 140° viflooiia, and at 180° jI molts, tlio ongmal proportioa 
3emg rogamod only slowly at ordinary toniporaturo It is a good olootrical msulator, is 
nsolublo in ookl water, and swells in hot water or alooUol , it swoUs uvou more and dis 
lolves slightly in oarhon biBulplndo, bonzlno, othoi or oil of turpcntino, and ooraplotuly in 
'ubber oil obtouiod by tho diy distillation of rubber It rosists tho aotiuii of aJl^ies and 
liliite ooids, but in tho air oxidises slowly at blio surface, undergoing reainiQoation and 
looommg friablo When hoated it diasolvos oonaiderablo amounts of sulphur, asaunilug now 
properties whioh render iioamble its application for many purpoaos (^ec hier, Vulooniaation) 
Treatment of Rubber Tho raw x>roduot is aoftoned in hob water and then repeatodly 
lubjeoted to gi’eat proasure between n-oii rollers revolving at different rates, impuntioa 
lehig washed away by moans of a water spray Tho loaa attoudiug tins titjatmont amounts 
o 10 to 40 pea cent. 

Tlio product is then mcutUoaletl to give a honiogenooua inasH froo from poi’oe. Stripe 
nro placed in a stationaiy, hon/ontol drum inmdo wlnoh a aooond drum, fiimiahod with 
oath or veins, and lieatod intomally, rovolvoa eoeontnoally During tliia treatment and 
ho Buooocding passage of tho rubber between two tepid uylindors I'otating at ditforont 
ates, tho various muioral fill mg matonala for oolounng oi weighting (10 to iiO per oout.) tho 
nbber m4y be introduood, togotlioi with tho nooQssory amoiiut of siilphui (4 to 16 x>or 
jont.) for the subaoqiient vidoanisation. For oolounng uso la made of antimony oi mercury 
lionabor, ferno oxido, or oobro, bonuiu aulphato, s^tno white, hthoponu, gypaum, talo, 
iholk, kaolin, magnesia, oto , boiiig omployorl fillers ^ Other additloiia arc also made for 
)btalning the vonoiis quolitioa of rubbei roqiilrod for making iliHeront aii^leloe 

Riubbor thus proparod is tlion wdeamsed, the strength and oloatioity being thus onhanoed, 
md the rubber rondored more atablo towards ohangoa of tomporaturo and to oxidation 
T’uloanisQd rubbei is not aolublo at ordinary temperatures in tho usual solvents of raw 
ubber, is not tacky in tho oold, is abnost Impervious to water, and more rofustaat towards 
hOlds, alkalies and the oir, and maintains its elostioity Imtwoon — 20" and -|- 120° 
hobloroethylono (diolmo, sec p 122) forms a good solvent for it 

Vuloanisatiou with sulphui was suggostod hi 1880 by Goodyoor and by Hauoaok, tho 
ubber bomg mixed with sulxihui and lioatod at 120° to 140° Addition of vadous sub- 
tonoos (oxides of lead, zino, magnesium, oaloium, oto ) in small amoimts os acoderatora of 
idcarnsatwn has boon propoaod, and nowadays the timo roqulrod Is ooiisldeiably ahortonod 
)y means of organic acederatora, e.g , plpondmo, aldehydo-ainmonioH, p phony louediamine, 
he nitroso dorlvatlvoa of dfmefchylaulUno, diphonylamino, mothylamlino, oto , or, bofctor, 
he dithio doiivatlvoe of imino bases, e,g , dimotliylammonium dlmothyldibhionorbEunato 
nd piperldino pqiendyldlthlooaibamafce (Bayer, 1016) 

A system of rapid vulcanisation, long kno'wn and widespread at tho iirosoiit timo, is tho 
o oollod oold vulcanutdtion 

1 Addltiou of 0 6 per eent of zino oxide to rabbor inciMasofl by 0 2(5 poi ooiit. tho sulphur 
umblued during vuloaniflabloii and also InorooseH tho tenacity and roHlsbanoo to toTsiun, furtlier 
dditlon behig wlUiout oJToot Magnesia behavos almosb iiko rIiio oxiiio, but talo is Indiffbront 
r Jiannful 

* Rapid cold vulcanisation, pi’oposed by Farkos in 184(5, cnusjKtH in Imjnortdiig tho rnbbor 
ii a Holutlon of sulphur ohlorldo in carbon dimilpliido. Houriquos (1808) showed tliafc tlie sulphur 
hlorido oomblnes with tJio mbbei, this result being uondrmod by Wober (1804) JjAtor, 
linrioliBon, Klndaohor anil llemstoln found that 2 mols. of i ubber unite with 1 mol of die 
hlorido, giving the eoinpouiid (1*1 oont. of H), tho oddlldoii taking place 

Li the same way os that of sulphur ohlorldo to otliylono, amylcme, oto Hinco, however, a rubber 
ontoinlng 6 per ocut. of sulpliur is oTor-vuloaiilBod, that Is, hard and brittlo, the chomlcal 
aterprotation of the plionomonon Is Inauffloiont 
EC Stem (1000) holds that tho quantity of sulphui fixed Is variable, while Ostwald (1910) 
xploins vuloanisatiou os an adaorjUion pKonomonon of tho colloidal rubber, and oasumoa that 
he sulphur forms a senes of reoetlon produots, the first and last members of wliloh ooimot bo 
jolatea, and that tho process is partly levoraiblo Other ox^danablons have boon advanced by 
pence and Young (1912), Skellon (1013), Dlaow, Brunl and Amodori (1010), eto 
In praotloe, use is mode of 2 to 4 per oent. solutions of sulpliur ohlonde in carbon disulplilde 
r benzine, which is safer The rubbei artioles are Immersed In the solution for a fow seconds 
iT minutee, oooordlng to the thiokneea of tho material and the degree of vulcanisation required^ 
Imoll and thin objects may be readily vulcanised In the vapour of sulphur ohlorldo, rendered 
Qore volatile with a little oorbon tefcraohloride, Peachey (Bing Pat. 120,826, 1919) obtains 
apid and complete vuloanisatiou In the oold by produolng nascent sulphur within the rubber 
>y alternate treatments with hydrogen sulphide and sulphur dic^de. 

In general, the sulphur ohlonde process gives a too superflolal vuloanisation. Brunl’s prooess 
1020), whloh appears more aatiafactory, oondsts in fonnlng lu the rubber thiooarbaniUcles or 
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Witb age, rubber (tubing, etc ) hocomea hard and brittle, aiicloraokfl Aecordliig to VVu 
OBtwalci(Ger Fat. 221,310 of 1908),itlaBta longer if quinolliio,ajiLliiio, diin(*tliYl*i^'ili*'t'i''ta ,1 
used in ita preparation Introduction of exoesB of Bulphiir during viilcaniHation uauHeH nil die 
to deteriorate more easily in the air , m some oases theoxoiffla of sulpliui 1h thiMiiiatcKl by treat 
ment with hot soda solution Small artiolea keep well In closed vcsboIh uuntauilng petrolc'uni 

In the regeneration of rubber from old vuloamsed artioles, tlie iiuiloiinl is freed an fa 
as possible from vegetable and mineral impurities and from any jxiitions eontaining textih 
fabno The necessary removal of the sulphur oaiinot be effooted by Holvciitn, whudi (Hh 
solve only the free sulphur The sulphur oornpound of mb her ooiiHistH of a inon^ or hw 
highly condensed product of CioHk, with CioHigSa (oi SaCIa), and many pinuiesHOH hav( 
been devised for the removal of the sulphur irom this ooiuplox Uubhor itch in ( muhiiiuc 
sulphur, t a, hard rubber (ebonite) is uot readily dovuleoJiistHl and is ufuially powdcml and 
used in making fresh ebonite If not too hard, rubber fi*ee fi'oni fabric is ihniiitcigiaUMl and 
impregnated while hot with fatty or mineral oils, paraffin wax, eU’ , tin I’csidllng produti 
being mixed and passed between hot rollers so as to obtain olowtlo sIuh>Lh 

Waste oontaming fabno (goloshes, tyres, etc ) is ooonsionally tn^iled luncjliaiiically, 
being powdered and then wnuowed to ehrauiate the portioloH of falirlc iSiich HoiMiratiou 
IS, however, imperfect and it is preferable to dissolve out the lubber rather than the llliitw 
by meOtiiB of solvents The Mitchell prooeas consists m dissolving the hhio In hot (lf> t-o 70 
pel cent sulphnno acid, the moss being washed with water and dilute uaustie midu and 
then rendered plastic by steam and hot rollers , this iiroooiliiro ilo(w nut, however, renin ve 
mineral oonatituents (chalk, zinc oxide, etc ) The alkaline pi'ooeas HUggi'stod by Marks 
(1800) gives better results, and oonsists hi beating the waste rublwr with 10 jiei uotil cauntiu 
soda under pressure, the hydrooellulose being removed and the residual riibbei well washed 
and rolled hot , the caustic soda dissolves also fatty oils (» a , of fnriift) 

In the processes of the other class, the rubber is disflolveil in hot henycno oi its liuinoingncs 
or certain ohloro compounds (diehne), the extraction being ooiTied nut lu onlinaiy oxtiaet-iirri 
or m autoclaves. 

According to Hinrlohsen and Kindscher (1012) cold vulcanlsid rubber may b(' loiu 
pletely desulphurised by heating It for several days in a reflux ajipaiatuH with ahjoholie 
oaustio soda and scrap copper, and hot vulcanised rubber by heating, in a ('ojipm Ibutd 
autoolave, with benzene, caustic soda and zmo Vanous othoi met hods have also 1 »umi 
suggested. Sachs (Ger Fat 275,001, 1913) utlUsos old powdered rubber by mixing It with 
20 per cent of oolza oil and 50 per cent, of magnesium siilphito and heating at a prtwuire 
of 5 to 7 atmoa. for 20 to 30 houis. 

Regenerated rubber contains at most SO pei cent, of tnio mb her and HomctiiiKM only 
26 to 30 per oent, but is Uttlo Infenor to viigm rubhoi The Mejprtent nf mlmmmtwiif 
that is, the amount of oombmed sulphur per 100 ports of nibber, dooH not oxeml 4 to 5 in 
recovered rubber 

USES OF RUBBER Rubber is used In onornious quontitK'H in making tyi'iw. water 
proof fabrics, horse shoes, gloves, hosepipes, floor covoinigH, artilieial leabhm and H])i)nguH, 
toys, etc Mixed with guttapercha ^ and sawdust lb is used to muki' and luigo 

amounts are utilised In the manufocturo of ebomte ^ 

other dtaubatltuted oromatlo thioureas, eg , 2CaHB NH^ + CS| ~ HgH H ( dllsli, the 

action being aooelerated by sulphur or zlno oxide 

Romani (1020) finds that tetro-alkylthiouram diHiilphideH, c f/ , (C'Hs)|N H K (>l N((JHB)g, 
foi'm ultra auto<aooeleratora, os they vulcanise in 16 mniiitos at 115° lu proHoneo of ylnc ()xl(l(\ 
addition of free sulphur being uimooe&sary 

Scott and Bedford (1020), who obtained tiie same romiltH oh Brinil nbow) by using 
piperidine m place of onilliie, attribute the ocoeloratlng oi'tien tu tlio funnatinn of rino 
plperldyl^luocarbaniate. 

1 GUTTAPERCHA resembles rubber, but is more resinous and is nlitolned from the latex 
of various plants of the Sapotoceie family jawing lu Singapore, Malaeea, Borneo, Sumatra, 
Java, Banco, etc It occurs to tho extent ot 10 to 12 per cont also In tlio trunk, bronchos ami 
leaves and may be extracted by means of solvents such os toluene, nobmloutn othei', carbon 
disulphide Its speoiflo gravity is about 0 97 or, when rolled, up to 1 oS Botwoeu 46° ond 60° 
it is highly plastic and may be drawn mto thin threads and wolds readily with Itself It melts 
at about and at higher temperatures decomposes, giving a repulsive odour lb Is a bad 
conductor of heat and eleotilolty, and becomes elootnfled when rubbcib It dissolves In benzene, 
ohloToforni, oil oi turpentine, etc., and to a slight extent In alcohol, ether and petroleum ethoi, 
but Is insoluble In water It reali^ the action of dilate odds 

Guttapercha contains 76 to 84 per cent, of guita (a BoUd hydroesrhon, ni pt 68°), 14 to 16 per 

■ For this note see next page 
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SYNTHETIC or ARTIFICIAL RUBBER miuat not be oonfuaed with rubber Bubstitutoa ^ 
Dunng the European War largo plant \vs\a orootod at tho works of Fr Bayor at Lover 
cusen for the pr^uotioii of 2000 tons of syiitlietio meUhyl rMer per anuum Whou tho 
7 ar oeaaed the maiinfaoture was abandonod o^mig to tho on or mn ns inoreose m tho 
JToduotion of natural rubber and to tho low pnoes prevailing 

The chemical conutitrUion of the hydrooarbou of rubber, CioHja, was doterininod by 
Harries (lOOC) by means of Its ozrmtde^ whioh deooLnposos into levulinlo aldehyde, 

io that the hydroooibon must bo regarded os derived from an 8 oarbon atom nng (a 

CHo 0 CHg CHa CH 

mg never yet found in natural products) , || || (dimethyloyolo- 

CH CHa CHa C CHg 

□etadiene) The results of latei work (1907-1014) led Hamos to abandon this formula, 
3 moe decomposition of the oKonide of u lao rubbei (obtainod by heating tho liydioohiondo 
of rubber with pyndino under pressure) yields, bcaidos levulinio aldoliyde, also marked 
quantities of dloootylprojmuo, undeoatrloiie, pontadeoatotroue, foimio, levulinio and hydro- 
ohelidomo aoids, eto These produota, espooially the pentad eoatotrono, GHg CO [OHJi 
CO [CHJa CO [CHj]a CO CH^, esoludo tlio view that tho niiolons of rubber is formed 
from an 8 carbon atom nng, nngs of 12 or 10 atoms being ruled out for othor reasons. 
Moat probably rubber oontauis a ring of 20 oarbon atoms, whioh may yield numorous 
Isomendes 

OHfl CHa 

✓CHo C OH CH, 0 OH CHa CHv 

esy E « Xo CH, 

^CH C GH, CH. CH C CH, OH, CH/ 

CH, CH, 

The moleoulor weight of the oorroapoiicling ponta ozonido in bon/ene (ui plaop of oootio 
acid, formerly used) is 6315, approximating to tho formula CasH^oOxgi so that Isopreuo 
rubber would be a poutamothyloyoloeicosanodiQUO Butacllono rubbor will not oontain. tho 
five methyl grou^is, whereas dunothylbutadioue lubbor will contain ton metliyl groups, 
numerous isomondos being possible m both oases 

In 1909 Harrloa and Hoffmann obboliiod an aLi;ifiuial lubboi by polymorlsiiig isoprone 
in presence of glacial ooetio acid lu sealed tubes at 100° (2C^Hg)^ >=> (Cj^qH^s)^, but tho 

process is too expensive to be used liidustrially Tho firm of Bayer (Elborfold) also obtainod 

^ RUBBER SUBSTITUTES Many of thoso have been piTiporod, hut tlio only one of much 

E raotiool importonoo is tho ho oaUocI fachSt of which two typos are on tho inorkot white and 
rowa 01 block The latter lu made by bniUng lupc oil or linseed oil in au opeu vohhoI for two 
hours, cooling, and passing a current of air through it for 3(i hnurs. Tt is then vuleaniAcd by 
adding 2 per cent, of flowers of aulpliiu, hoabtng for two hoiii’s at 140°, adding a fuithur 1 per cent 
of sulphur, and raising tho tom^aturo to 160^, when It hogiuB to ilso White faufcts is obtained 
by treating tho nil with 20 to 26 per oont of aulphur chlnrlcle (free from dlahlundo] , the ouorcy 
of the reaction may be modified by adding the Hidphur ulilorldn disnulved In carbon rlisulphlde 
Tho mass is obtained in slieeLs or blocks by pouiing it Inimcdinbely on to cold metal plates or 
moulds Tlioae Bubsbltutos are almost ou elastic oh iiibbci and aro imod bo adultorato rubbor , 
they OTO insoluble lu water or acid, but dissolve slightly In dlluto alkali They arc clisblngulshocl 
from nihber by being sapuninablo wdlli alcolinlio iKitnab 

cent, of albanan (wliito, oryataUiuo siibstanao, m, pt 106°, soluble in hob alcohol. In bonseuo, eto ) 
and 0 to 4 per oout oijluaml (yellowish 1*0310, m pt. soluble In cold aLuohol) 

It IS used as an olectrloal insulator, foi making tubing and vessels roalstaut to alkalis and 
dilute acids, for maJdng mastics and vamlslieH, and also in eieotroplabing, os it takes tJie finest 
Improaalonfi. It ^elds vulcanised producLs like rubber and hard materials like ebonite It 
00 ^ rather less than rubber 

BALATA, Blmllor to gutbaporoha, ts obtainod from tho laj;ox of Mimiisopn haUUa (Sapotacom), 
a large tree of VeneKuok^ Brazil and, especially, British and Dutch (inlana. It Is used as on 
iufiulatlng material and for making waterproof shoes and powei brans miaslan belts. Its price 
la about one half that of nibber 

‘ EBONITE is obtaiuod by mixing rubber with SO to 40 per cent, of sulphur and with various 
mineral substonoea (zinc snlphldo, oh^, lead carbonate, heavy spai, jno^ee^ pigments, etc.), 
oompresBing the material in moulds, ooatiug the objects with tinfoil and vulcanising at 130° to 16Cr 
for some days 

It is a harcl brown or black material, which Is a poor oleotrioal oonduotor, expands considerably 
when heated, and is resistant towao.'ds alkalis and dilute aoids Under presanre the various 
solvents dissolve first the sulphur and then the rubber, the mineral matter remaining It may 
be turned In the lathe and polishes well, and beoomes plastic when warmed. It is used lor making 
many varied articles (boxes, oombs, buttons, aooumulabor boxes, gramophone discs, knife handles, 
batons, etc , mixed mth emery it la used for artifiolol gLindstones) 
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axtifloial rubber from isopreue and from erythrene C4H0 (aflc p 100 , also Qer Pat. 235,423 
and 235,686 of 1009 and Pr Pat. 425,682 of 1011), by prolonged heating m preaonoo of 
"benzene, etc , but thm product is also very expensive 

Tlie Badisoho Anllin- imd Soda Fabnk (Ludwigshnfen) obtauied rubber by boating 
iBOprene and dimothylbutadiene (T'r Pats 417,170 and 417,708 and Bug Pat. 14,281 of 
1910) in presence of olkaJi, whiob boa a polyraensing aotioiL Coutrojy to "Weber’s atate- 
ment, HmriohBen (1009) showed that tbe latex of rubber trees docs not contain ditorpenoa, 
wbicb polymerise to form rubber, but that the latter esdata ready formed m the latex 
Synthetic rubber obtained from the isopreue formed on dooompoaitlon of turpentine, 
cannot be vuloamfled (unless a little natural rubber is added), whereas that obtained from 
the IBOprene of rubber is vuloamsod with less difficulty 

The polymensing action of sodium on isoprene which yidda rubber even in tlio cold, wos 
discovered by Matthews in 1910 and by Hornes shortly aftorwords,'- 

STATISTICS AND PRICES In 1840 the world’s oonsumption of rubber wos only 400 
tons, but after 1860, when methods of vuloanisatlon hod been studied, the oonsumptiou 
began to inoroaae enormously 

The World's output of rubber (in tons) from the old forests and the new iilantations 
was Bs follows 
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^ ISOPRENE Is obtained In 25 per cent yield by boating oil of turpentine, oh pniposod by 
Tildan. By working under reduced prosHuro and llret prepailng dlpentono, Staudlnger and 
Gottlob raised the yield to 06 pei cent., hut oven then the supply of oil of tiirjjonthio is Inadequato 
and its price too high On this account the Arm of Pr Bayer prepared isoprene by treating 
aoetone and its homologues with fonnaldohydo and dimothylamino so os to obtain mothybiinlno 
oxides which, by the further action of methyl halides and snbaoqnont dooompoHitiou of the 
resulting ammonium compounds, lead to Isoprene 

The Bodisdhe Anllin imd Soda-Pahrlk obtained isoprono by oonvertlug amyl alcohol Into 
Uimethylethyleno, chlorinating in a vaoiium, and removlnfi 21101 oatalytioally j tliis prooetw 
depends on a supply of amyl oEjoliol, whioli is formed In small amount during aleoholioformenta 
tion Tnmethyletliyleno was thon obtained (quantitatively from the pontano, Isopontano and 
tetrajQ ethyl metiuLDe ooourring in potioleuin 

Polymensation of isopreue, by either lioat or sodium, yields an abnormal rubber which 
vuloaiu^ Incompletely and has, os fundamental ooustibuont. a hydroearbon different from 
that of natural nib"ber, and is partially solnblo in beuzone Tlie Bodisohe Company obtained 
from isopreno normal rubbor, which is insoluble in or only slightly swollen by benzene and 
exhibits groat tenacity, by two different' methods (1) by treating Isoprene with tlie oznnldo 
of torpenes or other unaaturated oompounds, a good yield of so-oallod Qto)\c ruhb<^ is obtained , 
^) by ooudonsing with sodium in prosenoe of CO,, eaxhon dioxide ruhhrr being tliua formed, 
^le olfferenoes between, the yoiioub artiBoial rubbers probably depend on dlfferenueH In tho 
degree of polvmensation. Of interest idso oie tho methods of obtainmg isourene by pyrogonio 
decomposition of orude petroleum and its residues, although all the petroloumln the worlu would 
not yimd more than 10 per cent of the rubber derived from plantations 

The preparation of a dimethylbutodiene, OH, C(OH,) O(OHfl) OH, — by oonvertlDg acetylene 
Buooesslvely Into aoelaldehyde, aeetio ooid and acetone, this hy reduotlou fwlth alumlntum and 
Beetle sold) riving pinaoone and the latter, by dohydratiou, dimethylbutodiene — polymodBatloii 
of which yieSds mtUtyl rubber, is not eoonomioally praotloaUe nowadays. Tho same is the ease 
with the preparation of isoprene from isopentane (2 msthylbutone) by the following stages 
oblorolflopentane (^th Cl) — >* trtmethylet^lene (amylene or pentol), C(OHa), OH CHfl(by 
red-hot lune) — >■ diohloroiaopentane (with dl), whiob, if passed as vapour over riumina at 4(Kr, 
gives isoprene or isomerldes which ylmd Isopreae when heated with oatalysts. 

The piaotioal dlfiloulties enoountered in the Bayer works at LeverlmBen were very groat, 
and only at the banning o£ 1618 was a methyl mbbei E (polymorised in the oold] obtrined 
which yielded a good ebomte and a methyl rubber "W (polymenised hot), whloh resembled natural 
rubber somewhat also m Its behavioui towards solvents, served for making tyres and rubbered 
fabrics, ^e polymerisation oooapled, however, as much as three months , tho vulooniaation 
was completed by means of various ocoeletrators («e above), suoh as piperidine or, better, 
p phenyl^edlamine, p-omlnoazobenzene, tolmdine, eto,, whloh also prot^ the rubber against 
atmoBplierio oxidation. Substanoes eapable of Inoreasing the elasticity of these aynthetio robbora 
may also be added 
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TJie consumption in tons in different oountnea in 1020 (1010) was United States, 

220.000 (230,000) , Great Britain, 26,000 (33,000) , Franoe, 14,000 (22,000) , Italy, 0000 
(14,000) , Canada, 11,000 (0600) , Australia and Ja^mn, 0000 (10,000) , Germany, Russia 
and Austria, 9000 (5500) , Soonduiavia, 0000 (3600) , Bolgiura, 2000 (^00) , various other 
countries, 1000 (3600) 

Exports ouloiilate that tho total output of rubboi will be about 420,000 ions in 1022, 

470.000 in 1023, 620,000 in 1924, and almost 000,000 tons in 1026, in spite of restriotions 
imposed by on ossoouition of tlio priaoipal produoors 

The pno6 of rubber baa fallen greatly in recent years, owing to iiioi*oa3ed output and 
diminished demand, and ui 1021 woe lees thou li 9 and m Moroii, 1922, 8d per lb 


OXYTERPENES 

Other hydrooarbons related to the torponoe aro tonene and trene, two isomendes of 
tho forniulo, the ko tones of which, CigHgoO, ore irone and w7i07iCf t e,, tho oromatiu 

pnnoiple of ins 1 * 001 , having a marked violot smelL 

lONONE (Artificial essence of violets) ^7aa prepared synthotioally by Tlomann and 
Krllger in 1883 by sliokuig equal projiortiouB of oitral and aootono witli bonuin hydroxide 
solution, extracting with ether and expelling tho latter by ova^ioration 

The fraotlou of tho rcaidiio boiling at 138° to 156° is paeudoiononei wliioli is transfonuod 
mto tho Isomono lonouo by the action of dilute acid (Qor Pat 76,120) According to Gor 
Pat 113,072, tho condensation may be offoctod by water In an aiiboolavo at 170°, while in 
presence of Bodamido it tokos place at the oidinory temperature (Goi Pat 147,830) J!fee 
alao Gor Pat. 138,930 

Tlio ooustitutioii of synthotio lonono is ro^ii'OBentocl by the annexed formula 

CHb CHo 

\/ 

c 

CH CH CO OH„ 

CHa 


lonoue (100 por cent ) cost before the war £162 per kilo, and yS-vmone, £00 , tho 20 poi 
cent solutions wero sold at ouo-flftli of tluw piioes 

MUSCONH, or C^qHqdO, Is the odonforoua eompononb of naluraL mwk, whioli 

IB obtained from a pouoh situatod bohmd the navel of tho male musk deoi {Mosdtua moMliu 
fenia), living in tho mountains of Central Asia (Thibet, Tartary, Siberia, Goohin Chino, 
Tonkin, China) TJio entire pouches arc placed on the market and weigh 20 to 40 grms , 
00 por cent, oonsisting of musk. Of tlio latter, 00 to 70 per oont. dissolvos m water (and 
eServoeoes with ooIcIb), 10 to 12 per cent. In alcohol, and voiy little in othei, chloroform or 
benzene , the muistaro amoimis to 16 per cent and the ash to 8 per oont. Music eon toms 
fats, albuminoLds, ammonium carbonate and 0 6 to 2 per cent of a volatile oil wliich distils 
n steam and forms muscom (density 0 9208, rotation + 10°, b -pt. 330°), wbloh is a ketoiio 
ind has a very inionse, pure odour of musk. Bofoi'C tlm war, Tonkin musk in tho pouch 
iTos sold at about £140 per kilo and Siberian at less than £80 Musk is often largely adul- 
terated. The prioe fell a^ a result of the moaufootaro of arLifieutl 



^ ARTIFICIAL MUSK has not the composition of musoone, but has tho some mailced 
idour, although a little leas delicate. It was prepared by Baur in 1888, and manufooturod by 
the Fabriques de Prodults Ghimiques de Tliazm eb de Mmhouue, by Inti'oduolug Into a trliiltro- 

NOj ^0(0Ha)a 

iOluene the tert -butyl group, the oonstitution behig Of the many 

iro; 


ihemioally analogous products very few have the mask odour, among these being xylol musk, 
ibtamed by ooudonBiDg fnr-xylene with tort isobutyl ohlorlde In presence of alummium ohloiide 
md nltrat^ the pseadohulyl m-xylol thus foimeo. The porlfiM product has in.-pt 113° and« 
iiluted with nine times Its weight of aoetonllide to attHnnate tho excessively powerful perfume, 
TOS at first sold at £100 per Mlo, natural musk then coating £200 per kilo Various similar 
iroduots have been made 
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ORGANIC CHEMISTRY 

« 

CAMPHORS 

Wlule the terpenes aro liquids, the camphors are generally sohd TIion 
contain alcohohc or ketonic oxygen and the pnncipal ones witii a single iiiig 
axe Methone, OioHjgO, and Terpmol with the sarae formula, while Menthol 
and Carvomenthol are OioH^qO, and Terpin CioHgoOa Among the comphois 
with oonmlex rmgs ore true Camphor, Fenchone, and Carone, CioHmO, and 
Bomeol, CioHigO 

The camphors poorer in hydrogen and oxygen contain double ImkuigM 
form additive products, and axe readily oxidised, while the others behave like 
saturated compounds 

When reduced with sodium, the ketomo camphors yield the alcohol ir 
camphors, which axe converted mto the fonnei on oxidation It is posHibh' 
to pass from the camphors to the terpenes by way of the chloiides, and leduotion 
of the alcoholic comphorB often gives the terpene hydrocarbons Thus, Terpani* 
{Jiemhydroaymene) can be obtained by reducing the Terpanol 610^20^ 

which oontaiQB a hydroxyl or secondary alcoholic group, this being tranrfornoMl 
by oxidation into the ketomo ^pup with formation of Terpanone (wien<Aonc)d 
so that the hydroxyl should be in the ortho-position with respect to the OHj iiiid 

groups, as is shown helow m the constitutional formulue On the othei 

SI 4 

hand, smee Carvacrol, CflH3(0H)(CIHa){03H7) (isomenc with oorvono 01 caiv(il) 
of known constitution, gives on reduction a teimanol (cam»?ien//wZ, witli 1 lu^ 
hydroxyl m the position 2) different from that of menthol, the hydroxyl of llu* 
latter must be m position 3 


H GH„ 


H. 


X 


H OH, 


H, 


A 


Hon tool 

(torpwjol), CioHboO 



J 3 H 7 
UoiLtbona 

(tarpanone), CioHiaO 



H CHa 

HaXo 

IlaNlIa 

H OJI, 


Oarvumon till Hill 
OioUiflO 


JJL 

CorvoniUDUiol 
O1OH0OO 

MENTHOL (3-Terpanol), CioHjg OH, oocutb in abundance m oil of pepponnlnt, fmm 
whiok it can be obtained crystalline by cooling It melts at 42°, boils at 213°, and hoH Hu 
strong odour of peppermint The position of the OH la ostabllshod by the fa!ot that, ■willi 
bromme m oblorofonn solution, merUhane (which is the oorreapondlng ketone, boiling itl 
207°, and also having a strong smell of peppemnnt) gives dlbromomonthono, and cllinlnatiiiii 

of 2H£i from the latter gives thymol having the known constitution, O3H7X Xcilg ; 

the CHg and OH ore here undoubtedly m the meta-poeition, smoe elimination of the Cpl 1 j 
by means of P,Ob yields fn-cieeol. When heated with copper sulphate, menthol yioldri 
oymene. Four Isomoridefl of naenthol ore possible theoretically It la used as an aneeathot m 
Eind as a diainJeotant Its alooholio solution is kavo rotatory 

MENTHONE (3 Terpanone or 3-Menthanone), CioHi^O, is formed by oxidation of 
menthol with biohromate and sulphunjo aold and yldds menthol again when reduced with 
sodium It IB olao found in peppennmt oil and is a liquid, b.-pt. 207°, with a doUoalo 
peppermint odour It may be oonverted into thymoL 

PULEGONE Terpen-3 one), CjqHjqO, predominates in oil of pennyroyal (Meniliu 
pulegvum) It is a ketone boiling at 222°, and on reduction gives menthol, so that ilm 
oaxbonyl group is m position 3 

CARVONE (Carvol or Terpadlen-2 one). is a ketone giving Carvoxhne, OioHj* j 

NOH, which exists in optical laomeildes and is i<Wtioal with nltrosoUmonene, It forms 

1 Ciamydan and Silber (1910) showed that, in alooholio solution and under the action of light, 
monthone Is hydiolyBod with formation of deooio odd, and an aldehyde laomerio with cUr neUal 
(p 3 dZ) 
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the prliiaipal component of oujtim oil, boils at 228°, and Is oonrorted Into Carvacrol, 
OjqHu oh, when heated with potash or phoaphono aoid 


OH, 

1 

0 


OH, 

I 

0 


OH CO 

c!h, ch, 


CH (J OH 

I II 

CH OH 
0 


CHa 

Oorvonn 


CH, 




Unrvftcrol 


OHn 


TERPENOL (il"***^ Terpen-l-ol), CmHinO, melfca at 70°, and, like tetromothylotliylono, 
forma a solid blue nititiBoolilondo, tho double liukiiig beuig in tlio 4(8) poBltioii, beWeen 
two tertiary carbon atoinfl. 

TERPINEOL Terpen 8-ol), CmHi^gOj molta at 35°, bolls at 218°, aud is knoATn lu 
tho form of variouB optiooUy notlvo laomondos It line a pleasing odour of IQy of tho valloy, 
llloo and oyolamon, and oconis in ethereal oils. With Hiilphurio acid it forms torpin hydrate, 
whioh is also oonvorted haok into torplneol by sulphurio acid. 

TERPIN (1 8-Terpandiol), CioHifl(OH)a Teipui liydrate, OioHooOi.HaO, is slowly 
formed from oil of turpentine, O 2 onig, in ooiitaot with dilute iiltrio aoid and aloohoh Tlds 
orystolllno hydrate melba at 117° and then loses 1 mol of HaO, anhydrous torpin distilling 
over at 258° This is optiooUy Inaotlyo and is not obtainable in aotlvo modidoations, so 
that tho proseuoe of aaymmotiio oaibon atoms is ozoludod Tho liydrate is obtainable also 
from geromol by tho piolouged ootiou of 5 poi oont BnlphuriG aoid, 2HgO being added at 
tlio double hnkuigs 


CH, CH, 

V 

CH, 

CH,-ij— OH 

CH, 

OH,— A— OH 

II 

(3H 

Ah, 

Ah 

/ 

CH, CH, OH 

/ 

H OH ^> 9 ^ 


1 1 

OH, OH 

Ah. Lh, 

—*• H,0 11 

OH, dm. 

Y 

V 

Y 

ct, 

ohT^h 


Gonuilnl 

Xaii>ln liydrato 

Torpin 


Nitno ooid oxidises torpin, giving Tereblc Add, wliioh lina tliu known constitution 

COaH 
0 <1)H 


(OH,), 


CHa 

I 

-00 


SO that the poaition 8 must bo oooupied by a hydioxyl , the other hydroxyl oan only bo 
In position 1, sinoe otherwiso an lusynunetiio oarbon atom would be obtained. 

CINEOL, C^gHigO, has the oonstitiition of terpiiL less HgO, whioh is eliminated from tho 
two hydroxyls, on atom of oxygen thus remaining united to the two oarbon atoms I and 6 
Qineol molta at 1°» boils at 176° and ooours m abundonoe In euoalyptus oil and in oil of 
wonnseed. 

FENCHONE, CjoH^aO Tho doxtro-form ooours in fennel oil and the leovo in thuja oil. 
It IS a ketone similar to oamphor and oou be converted into Penchane 
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CAMPHOR [ordinary camjAWi laurel camphor, oi Japan Camphor), CioHk, 
ifl the constituent which sepajates in the solid foini hoiu the essential oil 
Laurus oamphora, a tree which is cultivated in China, Japan, and Fomiof^ 
and grows well in Southern Europe (Italy) 

The wood (thirty to forty years old) is chopped up and boiled with wat 
until the camphor floats at the surface , on cooling, the crude camphor sc 
to a sohd masB, which can readily be sepaiated In some ensoH the (nmiih 
ifl distilled directly from the wood m a current of steam The yield ih iibo 
1 kilo per quintal of wood The crude product is refined by luixuig with quio 
lime and charcoal and subliming at a gentle heat 

It IB obtained thus as a white, orystalbne, and not very haid iiuirh, whu 
has a charactenstio odour, and partially sublnnes at the ordinary tempci'niiUi 
It melts at 178°, boils at 207°, and has the sp gi 0 922-0 995 (the liiuu Boin 
camphor has sp gr 1 10 ) In alcohohe solution it is more or less dexti u-i'otal or 
according to its ongm, but iruii7%(xi>Tia camphor (tom the loaves of fevoiJ*' 
Maincana parthenium) is leevo-rotatory 

With iodine m the hot it forms oarvacrol (see aioue), while oxidation wi 
mtno amd gives Camphoric Acid, CaHi 4 (COaHQ), which exists ni two acli 
and two inactive forms Further oxidation yields Camphoronic Acid, 
which gives tmnethylsucoinio acid on dry distillation When disiullod wi 
PgOg, camphor loses HgO and forms cymene On reduction with uasco 
hydrogen, ordinary camphor gives Bomeol (Borneo camphor), O 10 TI 17 01 
which melts at 208°, boils at 212 °, and when oxidised gives ordmuiy caiuiilK 
which it strongly resembles 

Between I860 and 1893 vanous confltitutionol formulee for camphor wo 
proposed hy Kekul 6 , Armatrong, Bredt (1884), and G Oddo (1891), the last 
whom gave a formula which explained well all the reactions and j)i()pcrti 
observed up to that tune More and more acceptable constitutions wo 
given by Widmann (1891), Collie (1892), Bouveault (1892), etc , and limil 
by Bredt (1893) 

The constitution of camphor now seems to be definitely ostahlislicd us t] 
result of various syntheses, especially that from ethyl oxalate and otli 
/ 9 / 3 -dimethylglutarate, two compounds which are obtainable sTOthotioally fi’o 
their elements The vanous stages m this aynthesifl are as follow, R ludicutii 
the alkyl group 
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This constitutional formula proposed for a-camphor Biodt, althoiigli 
still coutosted, IS the one geneiallj accepted b7 chemists, smoe it conesponds 
best with most of the reactions of camphoi In 1911, Bredt and Hilbing prepared 
/3-camphor i oontaimng tlie CO group in the jS-poaition, fiom bomylenecnrboa^i/lw 
acid , it melts at 182° and boils at 213 i° 

Camphor forms stiongly rotating energetic siilphomo acids, e g , 
yCH SO3H 

C'bS^i4x I > which are able to resolve many racemic compoimds mto 

^00 

their active oonipoueuta 

Owing to the continually moieoaing demand for oamphor, especially for 
makmg celluloidy^ and smce many terponea give ooinphni when oxidised, mauy 
attempts have been made to prepare artificial camvho) fiom oil of tiirpentmo 
The latter coutnins pmene, OioHih, wluoh la readily convertible mto borneol, 
G10H17 OH, or isobomeol, this giving tlie inactive laoeimo compound coiro- 
sponding with natural camphor on oxidation 

Aooording to Glor Pat 134,663, whon aailiydroua tuipontiao is liaatod foi a long tlmo 
at) 120° to 130° ^nth dry oxoJlo aoid, a mJxburo of oainpLor witli pmyl formate and oxalate 
IB obtained , after waahing with water, the latter are hydrolyawl witJi alkali ami tbo 
resultant borneol converted into oamphor by oxidation with tUoliromafce and Biilphurlo 
ooid 

At MonviUe, near Bon on, n factory was orootod in 1000 to manufaotui'o artificial oamphor 
by the proooas deeonbod 111 J?^ Pat 340,800 (of B^hal, Mngnler, and TiBsior, and similar 
to U S Pat 770,377) A mixture of oil of tiirpentiiio and aaboylio ooid w lioated and, 
after ehounatlon of the oxoosa of the reagouts, the isoboniool other is liydi’olyaod to a 
imxture of borneol and isoboriiooL Another factory, noor (Jalais, utiJiBoa Solienng'a method 
(Pr Pat. 341,613), already in use on a large scale m Berlin, and also applied Jii a faotoiy 
established m 1000 m liUnlond 

Aooordmg to Fr Pat 340,862, pinono liydrouhlorido ib first pra^iaTod and then lioatod 
under pressure with lead aootabe In acetic acid solution, thus giving oanipheiio, which with 
permanganate forms oamphor , or troatmoiit of the pinono hydroolilorlde with a formate 
gives thn formio ester of borneol, which can be I’cailily liyclrolyBed The final oxidation to 
obtain camplior is oomod out m various ways by uxidiaing the bomool, in bonssouo or 
petroleum ether solution, witli aquoous aJkalino iiermangonato (Glor Pat 167,600), or by 
moons of ozone, air, or ohlorlno water (we ling Pat 28,030 of 1007 and Gcr Pats. 106,722 

^ CELLULOID IS obtained by mixing nltrooelluloBo and oamphoi in tbo following mannor 1 
woU Htaliiiifiod, powdered, and iiortially dried Loliodton oobfcoii (\rith 10 to II per cent. N, 
sea p 21)4) 1b soaked In aluohol in a uovurod ooutrlfugo, then gelatin isod with aloohol and niio tlilitl 
nr ono fourth of its welglit of oamphoi, uulourod, if noooHsary, liumogonispd between i*o11a ami 
then fonnod into dense, oumxMutt blookfl by prosmiig while hot It 1h then londy bo bo out, sawn, 
ooniprossod, polished, obo , its markod x)IaHtlniby when hot boing ubilisod in working it It la 
a homogonoouB, traiisparoiib, oolourloss, or yolioAvlHh sutwtanoo witli out tasLo and of ho gr, 1 37 
If Hunioionbly dry it Ib ndourlosfi, hub, w hou riibbod nr Jioatod, ib dovolops a slight sinoll of oamphor 
lb is a very baa oonduotur of boat and olootrluity, and its olnstloity is about equal to tliab uf 
ivory 

Coliiiloid IS usod for making toys, bolls, ooinbs, walking stlok hanrlloe, tortoisosholl ohjoots 
(Hubstltutos for torboisesheU, amlior, obonlte, eto ), lllms, otu It has the <llaad vantage of burning 
rapidly and enorgobloally (^vithout oxplodhig) wlien brought into aontoot with an ignited nr 
hioanaesoent body If tho oollodlon cotton uBerl is welT Htabllisod, ooUulold will wltlistand 
a tomporaturo of 126° or even higher It oan bo oUargod witli mlnoiol subatanooB to reuder 
it loss Indammable and heavier 

ARTIFICIAL LEATHERS Ck)lluloid is used to Homo extent in making arbifiolol loabhor, 
tho oommonesb ty^ of those being (1) Pegamoid This Is obtained hy spreading on uottou 
fabrics a Bolution of ooUulold m ethyl or metliyl alcohol mixed with castor oil bo aa bo foi’m a soft, 
eiastlo paste, whloh may be coloured by amllne ^es or pigments. By means of inolBed rollers 
imitatlouB of different leathers may he obfaaluocT A aul»tltute for pegamoid may be made 
by Bpreadln^j on the fabric a dense glue flolution and then treating the surmoe with formoldohydo 
aolution, whioh rendera the glue oonslstent and insoluble , tho aurfooe may afterwards be made 
abiny with a thin layer of oelluloid or oelllte (ses p 699) (2) Arli^uU fco&tcr, made hy proBaing 

between roUera several layers of fabno impregnated with ^uo or, bettor, rubber solutlou 
Artiliolal leather ia also m^e by rediiomg aorap leatiier to fibre, moorporathig it, eUber alone 
or mixed with other animal or vegetable fibre, with a Uttle boiled linseed oU, and oompreasing 
it Into Bheets, whioh may finaUy be vamlBhed. 
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and 164,107), or by ojddiBing laobomeol m aqueous aoid solution with ponnanganato {Got 
Pat 107,101 of 1900) 

Camphor was obtained by A Hesse by means of the Gngnard reaction, and it is also 
formed by fusing bomeol with finely divided nickel (1911) ^ 

Natural oamphoi may be dastmguifllied from the ortifioial product by mixing 
it mtimately with an equal weight of chloral hydrate the forinei gives n Bvmpy 
mass, but the latter does not liquefy Also with vonillm sulphate or hydro- 
chloride the two give difierent colour reactions About 13 per cent of tho total 
output of camphor is used for pharmaceutical purpoBOS, ] 6 per cent for fiiowoilca, 
nightlights, etc , 70 peR cent for making celluloid, and about 2 pei cent for 
rendering explosives msensitive to shock 


0 CONDENSED BENZENE NUCLEI 
1 DIPHENYL AND ITS DERIVATIVES 


IB formed by treating an 
me with sodium (Slttig), by the transformation 

j T "■ T -I It « . 


DIPHENYL, CbHb CbHb, or ^ 

ethereal solution of bromohenaene ■with oviuxuuj. ^x'lubig;, uy uuu liLtiiiniiJi'XiLiiUiUlL 
of h^razobeniseno, or by diazotising benzidine and deoomposmg tbo lusultHut 
product It can also be obtained by passing benzene vapour through n rod-Lot 
tube 

It forms colourless crystalfl melting at 71“ and bodmg at 254°, and is solublu 
m alcohol and in ether On oxidation with obromic acid, it gives bonzoio acid, 
its constitution being thus ooufiimed 

Of TnonosubstitiM products of diphenyl, three isomnncloa arc posHiblo, 
corresponding with the o-, » 7 i-, and ji-positions with respect to tbo ouiboii joined 
to the second nucleus Disubstituted derivatives exist m nunicrous isomorio 
forma, as the substitution may occur m only one nucleus or m both , m general, 
however, the substituents enter preferably the para-positions 

BENZIDINE (p p-Diamlnodiphenyl), NHj CgH* CgH, NH, Nitration 
of diphenyl yields p p-dinitrodipbenyl, which, wbon reduced with /mo dnst 
m olkaLine solution, gives benzidme The latter may also be obtained by eloo- 
trolysifl of mtrobenzene, see also Gei Pat 122,040, aoooiding to which 
nzobenzene is electrolysed m hydroohlonc acid solution m presence of stamious 
oblonde 

When pure, benzidine forms colourless scales molting at 122“ and tlion 
Bubl iTTUTi g It dissolves slightly m cold water, but readily m hot water, ether 
or alcohol It is a diamd base and gives a sulphate, OioHofNll. HaHO., 
almost insoluble m water 

It 18 largely used m making subsiarAive dyestufe (such as Congo red anil 
chrysamine, which dye cotton without mordants), being first diazotis^ and thou 
combmed with naphthylamme or naphthalenesulphomo acids 

Grade benzidme cost before the war less tWi 2s 6d per kilo and the pure 
product 40s The crude sulphate m paste (03 per cent.) cost 2s per Ido and the 
pure 28s 

A higher homologue of benzidme is o-ToUdine, 0iBHfl(0Hj)j(NH,)„ winch 

I CAMPHOR , Before the Earopean War it was noticed that a dlfflcnltv 

i^ht be piaoed In the way of the further development of the artiflolol camphor Ind^rv by 

oondit^ might easily aggravated by the formation of a truBt Further, 
the demand for oomphor may dlminiBh In ^ future, sfiioe Bubstltutea are oontlnuallv belnu 
found oapable of whi^ up to the present has oonaumed about two thlrSe 

u^^hor ^o fwb^lmt natural ^phoi-^dmoBt entirely monopB 

quintal oouBtltntea a menace 
kt price and depends on a raw 


of the total oamphor prodnood. xno laot that natural oamphoi'^-oiraost enUrelv 

material the price of which oonnot be regulated* 

SuiM the war, howovar, conditions have radically changed, and U the htah nrioe ot oamnhor 
S? bf more normal figure, the prodn^rSf^th natnSl StSS 


1 

'will 


" i 


t 


* H J 
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melts at 128°, and the diazo-c3ompouiid o£ wluoh oombmes with uaphthiouio 
acid to form a red anbatantivo dyestufi, bemopi^rpunfie 4J? The dimethoxy- 
oouipound, (0 0113)2, of toliduie la diamsvdine, wliioli with a-napLthol-u- 
Bulphomo acid forma l^izoazunne 0 (anbatantive blue) 

CARBAZOLE, [ /NH, la found m coal-tar, and can be obtained 

CflH/ 

synthetically by distilling o-ommodiphenyl over red-hot lime or by gently 
heating dipnenylanime vapour 

The unions of the nitrogen with the two phenyl groups are in the diortho- 
positiona, 



so that oarbazole may be regarded as a pyrrole derivative (fieo later) It forma 
colourless soalea meltmg at 238° and leadily sublumng, and it dissolves in 
concentrated Fnilphurio acid, giving a yellow coloration 

From diphenyl can be derived four isomeno dihydroxydiphenyls, 
Oi2Hg(OH)2 , the dlphenylsulphonic acids , diphenyl oxide, (0(jH4)aO , hexa- 
hydroxydiphenyl, CiaHg(OH)o (the mother-Bubstanoo of coarulignono) , and 
the diphenylcarboxylic acids (the di-^aoid la a white powder, insoluble in water, 
alcohol or ether , the di-o-aoid 3 diphenic acid, OOgH O0H4 OOgH, 

m -pt 229°) which give diplienyl when heated with hme 

2 DIPHENYLMETHANE AND ITS DERIVATIVES 
These compounds may be obtamed by condenamg either 2 mols of ben^no 
(or its homologues) with one of methylene chloride, or 1 mol of benzyl ohlondo 
(or benzoyl emonde) with one of benzene (or its homologuea 01 doiivatives) m 
piesence of aluminiiuu chloride 

" 2CeHfl + OHaOlg = 2H01 + aflHg OHg 0 , 11 ^ 

OeHo + OA OHg OI^HOI + OuHb CHg Q,IL, 

Condensation of 2 mola of benzene with aldehydoa (Baoyoi) or 1 mol of 
an aroniatio alooliol with 1 of benzene (V Meyer) imder the influenoo of 
concentrated sulphiino acid (ketones, phenols, tertiEuy anilines, etc , also aol 
Bimilarly) 

2GoHe-fCH3 OHO = H^O + OHa * aH(0flHB)2 

OoHo + OeHg OH2 OH^^HjO + OflHg OR, 

DIPHENYLMETHANE, CgHg CHg • CflHg, forms white crystals molting at 
26° tpid boiling at 262°, hoa a smell of oranges and is soluble in alcohol or in 
ether It 3 obtained synthetically (see abov^ With water at 1£50°, its bromo- 
denvative, CHBr(OpH5)2, 3 converted into benzhydrol (dyphenylGarbinol)^ 
(0flH5)20H OH, which 3 also obtamed on reducing b^nzophenone. 

p-Diaminodiphenylmethane, 0H2(0gH4 NH2)a, and tetromethyldiamlno- 
benzhydrol, OH 0H[03H^ N(OHa) ^2* latter obtamed by reduomg Mielxlor'a 

ketone (see below) m allcahne solution, are used m the preparation of dyefitiifls 
TETRAMETHYLDIAMINODIPHENYLMETHANE or tetramethyl base, 
0Ha[0flH4K(CIH8)i^]2, 3 used m makmg dyestuffs and serves also as an excellent 
reagent for detecting small amounts of lead, manganese, ozone, gold, eto , with 
which it gives oharacter3tio colorations. 

BENZOPHENONE (Diphenylketone), OgHg 00 • CgHs (see p 676 ) 
TETRAMETHYLDIAMINOBENZOPHENONE or Mlchler»s ketone, 
CO[OflH4N(OHg)2]a, 3 prepared by treating dimethylarulme with carbon 
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oxyolilonde, h.6&tiiig the iB&ultmg dini 0 thyl-p-fl.niiiiobeiizoyl cliloiido ui tui 
autoclave witb water, removuig residual dnnethylaniliiie by Btoam distillation, 
dissolving in dilute hydrochlono acid and precipitating the ketone from the 
filtered solution by means of sodium hydroiade The crude ketone, after piiiifi- 
cation, melts at 174° It may be obtamed also by heatm^ togotlior dmiotliyl- 
ammobenzamhde, dimethylanilme and phosphorus chlondo When tioated 
with phosphoryl chloride, it yields the corresponding chloride With ammonia 
Michler’s ketone gives auramine , with diethylimilmo, ethyl mnlet , with 
benzylmethylamhne, acid violet 4 BN , and with ^-naplithol, wool (/rean S, etc 

o DIHYDROXYBENZOPHENONE, [CbH 4 (OH)]uCO, by the ehiTuimtioii of a niolounlo 

CO 

of water from the two hydroxyls, gives xanthone, q Dlhydroxybenzo- 

phenone Is obtained from onJflaldehyde, bo that the hydroxyl groups must bo in tho paiu 
poflitious Trihydroxybenzophenone Ifl formed by the ooudonsatioii of bunxoio aoicl with 
pyrog&llol in presence of zmo ohlonde It is need in dyeing under tho naino nlizttTxu 
yellow O (see DyestufFs) 

Other higher donvativcB of dipheuylmethaue are bb follow 

as-DIPHENYLETHANE (see later eymm dlbonzyl) la liquid and is foniu^ from painido 
hyde and benzene (set above) Benzllic acid (dxjilienylQlycc^lxo acid), (C0Hj)aO(()K) (.OjjH, 
M a Bolid and is obtained by the action of KOH on bonzll , by roduotion wJtli Jfl Ifc gives 
diphenyl acetic acid, (OgHg)QOH OOgH 

Tolylphenylmethone, OgHj OH® OaH^ CHj,, exists in sovorol isoinoiiu fonns. 

Tolyl phenyl kotonea, CeHa CO OoH^ GHg The storeolsomoiio oximoa of those 
ketones were employed by Hajitzaoh in dcvolopuig the Btorooohoinistry of nitrogiMi (see 
pp 22, 253) 

Benzoylbenzoic Acids, CflHg CO OaH^ COjH tlie orfcho-ooid gives autliiwiiilnono 
when heated at 180“ with PjOa 

CoHjt 

FLUORENE (Diphenylenemethane), | yCHj, is found in cool toi, and 1 h formed 

CflH/ 

on heatmg diphenylmoth&ne vapour It ihelta at 113“, boils at 205", and foims scaltfl 
showing a violet fluoresoenoe^ 


3 triphenylmethane and its derivatives 
These are prepared synthetically by processes onologoiiH to those uhimI foi 
diphenylmethane, but under such conditions os to lead to the condeiiHiitioii ol 
throe benzene nuclei m the methane molecule Tho action of chloioloiin on 
benzene m presence of Aids gives TRIPHENYLMETHANE (lu -pt. 93 ° , b -pL 
359°) 

OHOla + SOqHb = 3 H 01 + 0 H(CflH 5)8 
The condensation of benzaldehydo and dimethylomlmo yields tetromethyl- 
diaminotriphenylmethane, OflHg CIH[OoH4 N(CH3)a]a, wluch is ft huco-lxm 
{see DyeatuflEs) of malaohito green , phenols, etc , oondonso smiilarly When 
thjfl colourless leuco-hase is oxidised with PbOg “id HOI, it gives tetramethyl- 
diamlnotriphenylcaxbinol, O5H5 C(0H)[(LH4N(0H3)£]2, which ifl also ft coloui- 
lesB base and forms colourless salts When, however, those salts are lieatod 
in solution, they lose water and form an mtense green oohunng-^mlter, tlic 
double salt of this with zme chlonde or oxalate being known os tnmtdiUo grren 


CeH« N(CH3)„Ha = II3O + 


C 3 TJ 3 N(CH3)3.HC1 


C3H3 0 <( 


CeH* N(aH3)3,H01 
C3H4 Na{CH3)3 


on reduction, the oolouiing-mattei 2 H) gives the leaoo-baae again. 
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PARAROSANILINE ih obtained by oxidising 1 grm -mol of p-t-oliiidino and 
2 gim -mols of aniline with arsemc acid oi nitiobeiuene The niethvl of the 
tohudine fiirniBhefl the carbon atom for the methane nucleus 


NHa 

OII3 CoH^ NHa + 2CflHB NH^ + 30 = 2HaO + OH C^C„Hi NH„(ba8(‘) 

\CeH, NIi; 

With acids, this base gives a rod colouruig-mattei which is precipitated by 
alkali When reduced with zinc and hydrochloric acid it yields j^^^Tatciiamdirta, 
IICfCgH^ NH2)3, in colourless ciystals which give bho colouied base again on 
oxidation 

Elimination of the ammo-groups by diazotisation loads to h'l'plhmylmelhanc^ 
while mtration of the latter, followed by reduction, gives paralouoaniline, 
wliicli yields tnaminotriplumylcarbinol on oxidation When treated with acids 
the latter loses HjO, giving the colounng-matter 


on 


NH2)2 

NHg^HOl 


HaO + C® 


.(CJI, Nna)^ 
‘G0H4 NHa 


ROS ANILINE is formed by oxidiaing a mixture of o- and J^tloluldlneH and 
amlme with arBomous anhydnde, inerourio nitrate, or nitrobenzene llie carbon 
of the methane nucleiia being furnislied in this ease also by tlie ;p-toluidmo 


/GH3 

G0H4C (?) + 


/OH, 

CbH4< 

NMTT 


2HaO + OH 0 


(o) + 0„Ha NHa + 30^. 

NHa 

/OoH3<S5“ (0 ) 


RoBanilme hydroohlonde (with 1 HCl) oi fuchamo forms ciystals with a 
gieen metallic lustre, while the aqueous solution is lod owing to the presenoo 
of the monovalent cation, GioHiaNq, the salt being almost oomplctoly ionised 
All fucliBine salts, at the same dilution, give the same absoi'ption speotiiun, 
as they contain the some cation 

If 3HC1 are combmed, the salts become yellow (yellow tn valent cation ) , 
mdeod, with excess of HOI fuohsme is almost decolorised, although in dilute 
solution the red cation is ogam foimed by diBsooiation ^ 

Replacement of the hydrogen atoms of the ammo-groups by alkyl groups 
gives various colouring-matters, the intensity of the violet ooloui luciotvsmg 
with the number of methyl groups 

Pentamethylpararosanillne is the methyl violet of comm(»roo 
ROSOLIC ACID and AURIN are the phenolic compoumlH oori'cH]U)nding 
with losonilme and paraiosomlme, fiom the diazo-conipounds of which tlioy 
oie obtained by boiling with wat-oi 


/C3Ha(0H) CHb 
C^OoH^ OH 


(CflH, 011)2 

OflH, 0 

Aurln 


^ It la commonly thought that la tho hydruolilorldo the ohlorlno la Jollied to tlio and no grnui) 
and not to the carbon of the methane, Binoe, as Toitalli ^owed (1805), all tho oldorlno Ib 
nreoipitable by bUtof nitrate , the compound la Ueuoo a salt and not an ether It cannot, ho wovoi , 
DO domed that tliere ore oom pounds, snoh as inphenj/Unethyl (^loridoy (OqHB)q 0 Cl, which behave 
dinllarlv, beln^ hydrolyaable by water and then oomplotoly preolpitable by silver nitrate Then, 
boo, methyl tod$de Is h^^olyBoa by water alone to tho extent of 0 0 per c^t. In 43 hours, whilst 
in ^e presence of stiver nitrate 00 per cent, oi the Iodide is hydrolysod In. tho same time It 
s henoo more aoourate to state that, aftei hydrolysis, Idiese ethereal oompounds behave Uha salts 
Bosenshehl maintams that every double deoompoBiiion between aalts (especially organLo) 
s preceded by hydrolysis, and those salts and othorWd oompounds whtoh hydrolyse slowly he 
lalls bradolytes, and those which hydrolyne rapidly, atenolyteB 



722 ORGANICCHEMISTRY 

They are colouring-niatters of an acid character and of but little mipoitanco, 
and th^^ foim dark red pnams with a greenish, metallic reflection 

PHTHALOPHENONE, Cj^CgHis , may be regarded as a doiivativo of 
iNCgHi CO 


phthaho acid (see p 684) or of tnphenylmeth^e „,r^-rr^,n u s 

It IB the anhydxide of triphenylcarbinol-o-oaiooxylic acid, Vj(wxl)(Uoil|j)2 
(CnHi COoH), and is obtamed ly heating phthalyl chlondo with benzene m 
presence of alumiBium chloride It forms scales melting at 115'^ and dissoivcB 
m alkali giving a salt of the acid, the latter not being obtainable in the free 
state Its phenolic derivatives are the fMhalems (see i) 686) 

HEXAPHENYLETHANE, (CBHa)aC C(CgH.)^ia of some mtorest tlieoroti- 
cally, as its molecule was at first regarded as 0(00x15)3 (Tnphenylmethyl) and was 
looked upon as the first example of an orgomo compound containing trivalent 
carbon, but oryoaoopio exonunation shows that it has the doubled molecular 
weight,* and hence mdicates the constitution (0 qH6)30 0(0flH^3 It was 
prepared by Gomberg by the action of zmo on tophenylohloromothano, and is 
a solid, stable substance which, in solution, has a yellow colour and becomos 
unstable owmg to its great power of reaotmg , with the oxygen of tho au it 
forms a peroxide, (O0H5)3 0 0 0 O(C0 Hb )3 On account facility 

with which it forms additive products, hexaphenylethane is legardod by some as 
having m solution the constitution 

H H 


(OeH,), 



Au analogous compoimd is Pentaphenylethane, (CflH 5)30 OII(0(jIl5)2, stable 
at the oidinory temperature but not m the hot 


4. DIBENZYL AND ITS DERIVATIVES 

The constitution of these compounds is shown by their methods of BynthesiH 
and by the fact that they all yield benzoic amd on oxidation 

DIBENZYTJ (symm Diphenylethaxie), CqHs • CHg CHa C 5 H 5 , is obtained 
from benzyl chloride and sodium 

2O3H5 OHa 01 + Naa = 2NaCll + OoHb OHa^OHa OflHa , 
it melts at 62® 

STILBENE (syrrm, Diphenylethylene), CgHg CH CH malts at 126“, and is 

obtamed from benzol ohlorldo (bonzylidene ohloride) and ao^um Owing to its double 
linking, it can unite with two atoms of Br, which can bo eliminated as HBr by treatment 
with alcoholic potoah, the resulting product being TOLANE (diphonylaoetylene), C,H 5 C 
C CjHfl, melting at 60“, and behaving like on acetylene derivative 

p DIAMINOSTILBENE. NH| CgH* CH : CH C^H^ NHj, Is used, especially In tho 
form of the corresponding sulphonio acids, for the preparation of varioua substantive 
dyestufia 

BENZOIN, CbHb CH(OH) CO CgHj, is formed by oxidising HYDROBENZOIN, 
CgH^ CH(OH) CH(OH) C^Hj, which is obtained by treating benzaldohyde with sodium 
amalgam Benzoin en^ in two atereoisomerlo modifioatdona, meltmg at 138“ and 119“ 
It reducee Folding’s solutioii even m the cold (giving benzd) and foizos a phenylosazoae, 
since it contains, like the sugars, the group 00 CH(OH) 


i 1 1 ' 
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BENZIL, CgHg CO CO C,H„ la a yollow dlkotono and fomiB throe bonzildioxlmes {see 
pp 22, 26S) 

OjHj C C CaH, C,Hb 0 C GjHb CjHs G 0 OjHb 

II II II II II II 

N OH N OH OH N N OH N OH OH N 

Amphi-bengildiMiiM Anti bemildiozirnd f<yn~bemtldioxime 

Whou lioafced witli oJooholio potoah, boiizil oombinoa with H 2 O, giving bonzylio acid 

O.H, 00 00 CoHj-l-H OH = (0,H.)ja<Q°«^ 

DESOXVBENZOIN, CgHg CH| CO CgHg, Ifi obtained from phonyloootyl ohlorldo, 
OgHg OHg CO Clp and benzene in proaonoe of oliumnium olilorido, and also from benzoin 
ooid benzU It mdta at SS*’ and gives dlbouzU when reduood witli Jiydnodio ooid 

HEXABENZYLETHANE, (CgHg CHa) 3 C C(CHa C 8 Hb) 3 , wob proporod by Sohmorda 
(1009) by heating tnbonzjloorbinol witli hydnodio aoid In a sealed tube at 200°, the product 
bemg shslcoa with bisulphite, oxtrautod with other and tlio latter distillod off It forms a 
yollowish GrystaJIuie inoas winch is Toorystalbsed from ocotono and glacial aootlo aoid , it 
molts at 80° to 81° "Prom the mothor-liquor dibenzyl Is obtained 

5 NAPHTHALENE AND ITS DERIVATIVES 

NAPHTHALENE, CioHg, disoovoied in tar m 1810 and 1821 by Garden and Kltt, ooours 
m abundance in onido illuTnluating gas and in coal tar When the latter is distillod {see 
pp 626 ^ ), the naph 

thalene is obtained from the 
portions distilling between 
170° and 230° and by re 
distilling the residnos of the 
oils from which the oarbolio 
ooid has been extracted with 
oaufitio soda, oare being 
taken to surround the oon- 
denser ooUs witli hot water 
to prevent stoppages 

The first separation of 
the naphthalene from the 
onido oils yielded at various 
stages of tho distillation 
is offeotod by ooobng in largo tanks, oiystalllsod naphthaloiio separating out 

The oily impuntioe of tho orystals arc removed ^ a hydraulic press with hoatod plates 
Attempts liave boon made to oontnfuge the crude naphtlialono, but oven when this Is 
Bteomod m the centrifuge, tho residual product is always very impure and unsuitable for 
distillation or sublimation. In consequonoe of this, use has been made of hydraulic presses 
^vith honzontal rods and vertical plates heated by steam, but those give Insuffloient pres- 
sure and too much waste, and require too much tune and attention TIio best results ore 
given by presses with vertical oolums and ring plates (aliTiilar to tho prossoa dosorlbod on 
pp 484, 486), which work oonbmuously and readily attain a pressure of 102 kilos per square 
oontimotre with a diminishod oonsumptlon of steam Nowadays hydraullo prossos with 
perforated steel bells are used — similar to those used for oily aooda — and in 10 hours each 
of these can effect 80 oomprosaionB of 100 kilos , when sovorol presses are worked, hydraulic 
accumulators (ses p 484) are used If well pressed, naphthalene has the mean solidifying 
point 76 0° and 96 6 per oent. of it distOs between 216 6° and 218 6° Attempts have been 
mode to purify naphthalene with a solution of resin soap, but suoh a method la too expen- 
sive (a oentnfuged naphthalene containing 7 per cent, of oil gives, with 6 pei cent of 
colophony and tho oorreaponding quantity of oaustio alkali solution, 86 per oont. of puie 
naphthalene with the solidifying pomt 78 8°) The compressed naphtlisJene is purified 
further In metal vessels with conical bases and fitted wi^ stiirers (Bometimes with air- 
jets) In those the molten naphthalene is agitated ica ^6 minutes with 5 per cent, of sul- 
phurio add of 60° BA (already used once) to dry th^ mass somewhat and^ free it from 
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pyridine oompoimda , after removal of this acid, tho inaas is shaken anooesslvoly i 
0 to 0 per cent of sulphurio aoid of 60® foe HO minutes, 4 por confc. of liofc water, 4 
coat of oaufitlo soda solutiou of 19® (alroady used onoe), and finally, 2 por ooni 
liot water After aettliJig and removal of tho water as far os is possihlo by dixiantat 
llio naphtholono is distilled in largo stills bolding 100 to 160 quintals and fnnnslied wi 
rectifying column 2 to 3 metres high Water distils ovoi fust and then pnro naplitlial 
wliioh IS ooUeoted m motal boxes, allowed to oryatalliae In moulds and granulated 

means of a Lrushoi , tlie solid 
ing point IS then 70 7°, w 
07 6 per cent distils botM 
216 G® and 218® 

A purer prodnot, in the fi 
of largo. Binning sealea, ear 
obtained by mhlDimUnn (iiist 
of distillation) in an open vof 
» (ll^g ^4), having an aroi 
2 to 3 sq metros and oovi 
with an inoimod ^\uo(len p] 
loacbng to a largo wooden olii 
ber, 20 to 26 on meti'os 
oapaoity Tlio naplithalom 
heated by a pressiiro steam 
ojid BublinioH and ooudonsa 
the large oliombur, forming 
the walls a thick layer of slimj 
white soalos of purenaplithoU 
III order to avoid loss and 
obtain conttnnous working, 
iiaphtholeuD is introduced mto long oyhndiToal boilors, briokod in like steam boilers i 
ooimooted with a large wooden ohamber (360 on niotros, Fig 406), wliioli lias a base fit 
with oonioal outlets loading to sacks for oatohmg tho iiaphthalono os it booomos dotool 
from the walla (these are knocked from time to time) In this way 70 kilos of pure naplit 
lono ore obtained per 12 hours for each 100 ou metres of oapaoity 

Pure naphthalene forms shining saalea molting at 70 0® and boiling at 218® It 
insoluble m water, but diseolvos readily m boiling aloohol or in otJior , it volatlliflOH over 
tho ordinary temporaturo and distils readily In abeam 

^Pho oaJorifio value of naphthalene ifl 6040 ools , and its vapour pressum at diiTon 
tuinperaturoa as follows (mm of meroury) 

0° 20° 60® 80® 100° 120® 141® 160® 166® 
0 022 0 080 0 81 7 4 18 6 40 2 00 4 lOfl 207 



Its ap gr Is 1 162 at 16® and 0 077 at its melting point. If pure it dnou not ooloui oi 
ciuiitiatod Bulplnirlo oeld at 80° 

Constitution of Naphthalene The following atruotiiral formula is attributed 
iiax)htlialono 



and to indicate the posltdona oooupiod by groups replacing the hydrogens In denvati^ 
the oorbon atoms are numbered or lettered with Greek letters, thus 
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8 1 

7/^V^\2 


5 4 


Pi 

/9, 


tlj Oi 

/V^ 


VN/' 


v8. 


That tliG two imolei are rniitod by moans of two oarbon atoms in tho ortho position is 
shown by the foot that oxidation of napJitlialono in such a way aa to tlcatroy one of tlio 
nuclei results m tho fonnation of phtlmlio ooid, whioh is known to ooiitain two carboxyl 
gi-oups in adjacent positions 

Further, suico wJioii phonyliBoorotoolc noid is hoatod a uaphtlialoiio denvatlvo, namely, 
a iiaplithol, results, it is clear that tho sooond miclens is foimod by tho elimination of a 
molociilo of water with oJobuto of the olioui of the four caibon atoms of tlic side chain of 
the onginal acid and two oitho oorbou atoms in tlio hoiizono imoleus 


OH CH 


OH 00 OH 


HaO 



That thoi'o ore two condensed henzono nuclei is also deduced from tho foot that oxidation 
of a nitronaphtludone gives uitrophtliaho aoid, tho benzene nucleus oontaiuing the nltro- 
group being preserved and the other doatroyod If, however, the nitro group is first 
reduced to on ammo group, oxidation results bi tho doatruotion of the nucleus oontoining 
tho ammo group and in the presoi'vatiou of tho other, phthalio acid, whioh undoubtedly 
oontams a beuzene nuoleus, being formed. That tlie Ihddnga between carbon and carbon 
are different m the two uuolei is shown by the addition of four hydrogen atoms to one of 
tlio nuclei, whioh probably Irns true double liukings, while tho other nuoloiiB would scorn to 
Imvo a true berwemo ohaiaoter with centric hukings (Bomborgor) , further, tho addition of 
ozone proves with certainty tho presence of oleflnio double UnkingB (E Molinari, 1007) 


CH CH 


HCl 


CH CH 


lOH 


USES iNaphtimlone is used in large quautltlos in tho pre 2 )amtiou of various dyoBtufTn 
(ooflin, indigo, Mortnis yellow, tropocoliu, Biebiloh scarlet, orooelno wiorlot, ote ), iditliolle 
acid, lampblack, vanusliee, and cart greoao, oucl is employed also os an antiseptic and as a 
preventative of moth in olothes. For some tune it has boon mixed with oam^ihor in ordoi 
to render celluloid leas inflammable and loss explosive. 

Crude naphthalene cost before the war 11a to 12a pei quintal, wliUo the pm*o wlilto 
scales wore sold at 10a , pure m tapers at 17a Od , and oheiuiuolly pure at 80a per quhitoL 
The isomondes of the substitution products of naphthalene ore more numerous tluiu in 
the ease of benzene. Thus, there are two isomorio mono-substitutod doriyativos, the 
a compound with tho subslitneut in the 1-, 4.-, C-, or S-posltion, and tlie jS compound witli 
the substituent in the 2-, 3-, 0-, or 7-posltlon Tho isomono disubstituted oomponnda with 
two similar substitueDts are ten in number, whilo with two dlifereqt substituting gioupH 
fourteen isomerldea are possible, and, m some oases, all known. 

Oompouiids with substituents in the 1- and 8- or the 4- and 6«positionH are known os 


au- or psn-oompounda, e g , PerlnaphthalenedlcarboKyUc acid, 


DOOH 


, whioh 


DOOH 


readily forms an anhydride owing to the proximity of the hydroxyls 

The number of isomendes bemg so large, It is sometimes diffioolt to determine the eon- 
stitution of a derivative To this end tho oxidation products ore often studied, tho forma- 
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tion of plithalio aoid Indicating that all the aubstituBiita ore la the one bonzono uuoloii 
destroy^ by the oxidation, while tlie formation of a substibiitcd phthalio acid iiidLoato 
the oppoBito to be the cose 

a-CHLORONAPHTHALENE, CjoH^CI Treatment of naphthalene with ohlomio yield 
preferably additive produots with two or four ohlonno atoms in the eoino benzene nuoloun 
On the other hand, the action of chlorine on a cold solution of iiaphtJialoiie in carboi 
tebroohlonde lu preaeuoe of a catalyst (e,^ , femo chloride) yields substituted pioduets 
a-monoohloro-, then 1 4- and 1 5 and smell proportions of 1 2< and 1 7-diuliloronap]i 
thalenes. 

Also with boiling naphthalene ohlonne forma direotly a ohloronaphtlialeiie, but this i 
ob tamed m a purer form by diazotising a naphthylamiuo and then deoomposlng wltl 
copper ohlorlde (Sandmeyer's reaction, p 070) It is a hqmd of sp gr 1 1038, b iit 203° 
end forms a yellow, arystallino piorate, nn pt, 187° When nitrated it foiius maiiil 
1-ehloro 4-mtronaphtlialene, together with a httle 1 6 and 1 8 oomixiuudH It hui'vcb fu 
making vanous ohlorosulphonio acids and also naphthalene groen V, and lias been suggestix 
as a lubnoant 

Of importanoe in the explosives mdustry are vanous mtro donvatives of naphthalene 
and in the dyestufEs industry, besides nitro derivatives, also the aminoeoinpoimds, oik 
espeoiolly the numerous sulphonio deiivatives 

a NITRONAPHTHALENE, CjqH, NO^ Of the a- and fl-mtronaphtlialonea, only th 
former is of industnoJ importanoe, being used for mokmg dinitronaphthaleue oik 
partioularly a naphthylamme. 

The industrial preparation is oomed out in a mtratmg vessel p 040), 100 kilos o 
pure ground naphthalene being added rapidly, with stimng, to 300 kilos of 55 per cent 
sulphuiio amd (46° B6 ), the temperature bemg raised to 60° , 200 kilos of a mixture con 
taming 26 per cent of HKOb* 00 per cent, of HaS 04 , and 14 per oont. of water is tJien addoc 
slowly, the temperature being raised gradually to 60° and mixing oontmued for a ooupL 
of hours The residual acid, oontaimng about 63 per oeut of and 0 6 per cent o 

HNOa, i 1 then decanted ofi, and, after dilution to 66 per oent, used for troatiug a frosl 
batch of naphthalene Tlie fused mtronaphthfdene is run into a vesael of ho t water furn lBhe< 
with a stirrer, and is washed twice with almost boiling water and onoo witli a very dilub 
sodium carbonate solution, the molten oompoiind being poured into oold water, kept stirrec 
and thus granulated, and then oontrifuged and used moist for reduction to a uaphthylainliie 
It is used also for making l-mtronaphtliaIeue-6-sulphonio acid, and when fused with sulphuj 
gives blue and green sulphur oolouriiig matters. 

When a nitronaphthslene vapour and hydrogen are passed at 340° over llnoly dlvidoc 
copper, a naphthylamme is formed direotly, but if the copper is replaced by powderoc 
nickel, tetrohydronaphthaleiie (and NHg) is obtained os a sooondaiy product Wltl 
BulphitoB it gives naphthlouio and naphthylamino-2 4 disulphomo oolds, and with ohlormi 
in presence of oatalysts at 40° to 60° it forms 1-ohloro 6-nitro and also 1 ohloro-8 nitro 
naphthalenes (Ullmann and Oonsonno, 1902) 

It IB used for removing the nuoresoenee from, mineral oils, being stored away from thi 
oil to mimnuse damage in ease of fire. 

It is poisonous and forms a yellow, orystaUine mass, m pt 61° (the eommeroial produo 
has m pt 68° to 69°), b -pt 304°, when molten has sp, gr 1 223 It is Insoluble ir 
water, but dissolves in benzene, ether, oarbon disulphide or hot alcohol 

The crude product cost 64 j. to 76 a. per quintal before the war, and the pure crystals ilOs 
DINITRON AFHTHALENES, C^oHa(NO|)g Nitration of a-mtronaphtholene or direo 
mtratlon of naphthalene with a suitable mtno-sulphiino aoM mixture yields always i 
mixture of vanous dmitronaphthalenes, oonsistliig principally of the 1 * 8- (about 60 po 
cent ] and the 1 6-oompound (about 30 per cent.) together with other isomerides anc 
tnnitronaphthalene. The mixture may be used direotLy for explo&ivee {see p 305) 

The two dinitro compounds may be separated by dissolving in hot sulphunc aoid o 
62° B6 which, on cooling, deposits tee 1 5-oompoimd, whilst the 1 6 derivative separata 
at a lower temperature or, better, on slight dilution with, water Also a hot pyridine solu 
tion deposits the 1 6-oompound on cooling, removal of two thirds of tee pyndine b] 
distillation and subsequent ooolmg resulting in the crystallisation of 1 1 8 doilyative, 

1 6- (or a-) Dimtronaphtholene, whioh la used for malnTig TUiplUhaza/nn hlctoh (see laier) 
orystelliaes m yellowish needles, m.-pt 214°, and is readily aulphonated by fuming sul 
phurio aol(L When reduced with ammonium sulphide it gives first 1 nitro 6 aminonaph 
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bhaleno aiid tlioii 1 5 naphthylonediaralno , when boiled with Bodiiiin hiHulphito ol 
aminoniuiu sulphite aohition it ylolds 1 6 naplithylenediamiuodisiiliihotuo aoid 

1 6 (or j3 ) DiDitronapbthEileue, in -pt 172°, ib more soluble in vonous solvents tluiii 
the 1 5 compound. With sodium, bisulphite it gives 1 S-naphtliylonediftimiietosulphoiiio 
aoLd It bobavGs like the 1 5 isomorido with fuming sulphuno acid and is used for making 
Hiilphur blocks and blue 

TRI and TETRA-NITRONAPHTHALENES are otaiued by iiitiating naphtlinlono or 
the inouo and di intro-oompoiinds with more oonoentratod ultriu sulpluuio acids and with 
rather more tlian the tlieorotiool q^imntity of iiitno aoid 

u NAFHTHYLAAIINE (1-Aminonaphthalene), NH^ Tlio oommeroial product 

forms lustrous, square saolcB with a reddish brown tuit , it oontonis a little naphtliaJoiin 
and water and has a alight focoal odour {/S naphthylamine is odoiirlpss) Tlie pure, froshly 
made product is polo pink, molts at 50° and boils at 800 3° It has no alkoJlno roaotinn, 
and is readily soluble m alcohol, ether, benzene, toluene, otc , 100 o o of wator dissolves 
only 0 167 grm With oxidising agents suoh os ferrio chloiide, ohromatou, otc , its salts give a 
blue precipitate of -naphtliairMiet ohaugiug to purple rod (dlHorout from ^ napbthylanuiie) , 
tins reaction is used by von Eok (1915) for the colonmetrio oBtiniatinii of chroinatos 
With CJiiplB or ZnC4 at 280° it gives a Uttlo aminoma and a dmaphihylamiuo (ws laler) 
With sodium mtrite naphthylaimno salts In sUglitly acid solution give a brown jiroaipitato 
5f aminoazonaphthalone, OtoH, Nj* OjoHg NHg, and in highly aoid solution, n-diazo 
naphtUaleno, O^oH^ Nj ^ On protracted boiUug with water It is converted iiartly 
into u-naphtbol The hydrocUonde sublimes at 200°, and tlio avlphUc dystalhsos with 
2HbO 

tt-Naphthylarmne is used to make a naphthol (jm later\ various sulplioiilo derivatives, 
muuerouB ozo dyeatuifs, and Afogdala rod It servos also for many direct diazotisatioiis 
on cotton fibre, to be coupled wltii, for lustanoe, ^-naphthol to obtain a bluisli rod ooloiir 
(Bordeaux) fast ogahist soap, etc It is also employed in photography, together with 
oxidisliig agents, to obtain bluish tones Befoi'o tlie war it was sold at about Is Qd, ^jor 
kilo 

MANUFACTURE It is usually obtained, similarly to aouhno, by reducing a-ultLO 
naphthalene with iron and liydioohloilo aokl Electrolytic reduction (Boohriiigoi, Glei 
Pat. 110,042) and reduction with hydrogen in prosence of a catalyst (e g , copper), oa sug 
gfistod by Sabatier and Sendereus (1002), do not give satisfootory results in praoidco It is 
punflod by distillation m a vacuum. 

yS NAPHTHYLAMINE Nitration of naphtlialoiio does not yield y?-nltronaplithalono, 
and p naphtliylomine is obtained by boating j3 naphthol (100 grms } wliJi 150 o o of 40 per 
cunt, ammonium sulphite solution and 100 o o of 20 pm cent, ammonia solution in an nuto 
clave at 140° to 150° until oil the naphthol has reacted, the aliglitly cooled mass bomg 
filtered by suction, woshed wltli dilute caustic soda, dissolvod m tepid dilute liydrooiiluric 
odd solution and filtered from lusolublo dlnaplithylomina The p naphtbylanimu, 
lirecipitated by dilute oaustio soda, lias m -pt. 112°, b pt 204°. It is used for moJclug 
^ iiaphthylammoBulphonlo aoid and various azo dyestuiEa, and costa tlnoo times as 
much as its a-isomerlda 

The following are important deiivatives of idle naphtliylauimos (1) Ethyl-u-naphthyl- 
amlne, O10H7 NH OgHg, Is used m making lanacyl vtolel B and fiew Victoria hlwc B, a 
basic dyestuil which dyes wool diieotly and cotton, after mordanting, pure sky blue, 
(2) Phenyl-a-naphthylamine, from aniline and a naphthylamine at 230° to 250° in prosenoo 
of iodine, 01 from anlluie hydroohlorldo oud a-naphthol, serves to make aulphoiiazwriTtA I), 
hlach R, oio (8) p Tolyl^a-naphthylamlne, O10H7 NH OHg, lausod for znalcuig 

night The ooireaponding jS-naphthylamino denvativoa ore used for making. (1) 

JDevelnper B (Bordeaux) for pnmnline dyestuffs , (2) night lilua , (8) HHxd hlach* 

CL NAPHTHOL, C20H7 OH, forms Instroua, monoolinlo needles, m -pt 04°, b pt 270°, 
Olid dissolves in alcohol, other, benzene, etc., but is insoluble In water With fenlo olilorldo 
or a hypochlorite it forms a-dinaphihci in blue fiooks. When fused with alkali in presenoo 
of copper oxide it gives benzoic and phthalio aoids. It mutes with two molooulos of dio- 
zouiiim salts in the o- ondp-posltdons to the hyditiicyL It is used in making numorouB azo 
dyestuffs (brown, black, aronge), indophenoi and, especially, vanous sulphouio ebolds os 
intermediates for important dyestuffs (Afartiua yellow, naphthol yellow S, eto ). It con- 
denses with Mlohler’s ketone to give Indjgoid dyestuffs and naph^^ blue* 

PREPARATION. a-Naphthol is obtained pure by heating a-naphthylomiae and sul- 
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phuno aoid in a lead bned or euejiiolled autoolave at 200° (14 atmos ), tlio mothor liquoi 
yielding ammonium sulphate The proeoss most oominouly used aud possibly more eoona 
inioal IB the following, which yields a- mixed with a httle p naphthol Sodium iiaplitlmleiic 
a-Buiphonate ib first prepared by heatiug naplithalene with sulphurio aoid and pouring tli 
mass mto sodium sulphate soLution This salt is pressed hydraulioally uudor 200 atmos 
pressure bo that a product with only about 15 per cent of water is obtamcd, tins boiiij 
fused With oomineroial oaustio soda and a httle water and the mass poured into oold watuj 
whioh IS subsequently noutrohsod with sulphurio aoid The a-naplitliol orystols are pressed 
fused to eliminate water, and distilled under a pressure of 60 mm at a teinperature o 
about 165° 

jff-NAPHTHOL forms lostroua white crystals, iiu-pt 123°, b -pt 286°, siiblimefl rtwhl^ 
and distils well m superheated steam Jt dissolyes in 5000 parts of oold or 75 of boiling 
water, and is readily soluble in aloohol, ether, bonzouo, eto With forrio oliloride il givei 
a greomsh ooloiation and afterwards white Hooks of jS P dinap htliol When oxicllsud li 
alkaline solution with potassium permanganate it yields o-ooiboxyoitinatmo aoid, aiu 
when fused with oaustio soda lii presenoe of oopper oxide, phtholie and bonzoiu a(ddH 

It IB used in making numerous dyestufis, ospoclolly of tlie o/o group, umoe it may b[ 
ooupled m many different ways (oiange II, pararntramllno rod, various pouooans an( 
Boorlets for wool and for silk, diamaidiiio blue, greens, blooka, eto , eto ) It ih^ibucI also ojt 
a diemfoobant in skin diseaseB, and Its methyl and ethyl esters form fruit ossonoos 

PREPARATION Industrially it is jiropared solely from sodium ^ uaphtlialonoaul 
phonate by a prooesa anaJogous to that used for mokmg the u isomorldo, Bi»uiaJ oondltium 
being employed to prevent formation of a-naphthol and disulphomo acids. 

Betol or Naphthoaalol (the salioyho ostor of ^ naphtliol), 0 CO OqH^ Oil 

molts at 95°, and is used m medioine under the noime of solol 

Neroline, OC^Hq, is the ethyl (or methyl) other of naphtliol and has tlu 

same odour oB orange flower oil (neroh) 

Dlhydrozynaphthalenes, C|gHa(OH)B, are known in various Isomerides the 1 5 oom 
pound, m pt. 250°, obtamed by the olkaliue fusion of Bodiuin naphthaleniMlisulphoiiato 
Berves for makiag benzidine blue dyestuffs, diamond blaok PV, etc The 1 8,2 3 one 
2 7-isomendee are also used for making azo dyoBtuffs, eto 

Amlnonaphthols, OH NHg the voriouB isomerides are used foi preparing 

clyofituffs. 

SULPHONIC DERIVATIVES OF NAPHTHALENE, NAPHTHOLS, AND 
NAPHTHYLAMINES 

These form an important group Qomprising the principal \7Uenned%aUn used in making 
dyestuffs Only the more important oau be referred to here 

The sulphonation of naphthaloao Is analogous to tliat alroa<ly given for bonzono (mi 
p 037) and, amoe naphthalene snlphonates readily and gives a large nimilier of iflomondoB 
mixtures clifQloult to separate ore often obtained The a derivatives ore formed 2 )i'eforabl} 
at comparatively low temperatures and the ^ donvativos at higher temperatures (100° tt 
200°) Sodium amalgam eliminates a- more readily than /9>Bulphonio groups. 

NAPHTHALENE-a-SULPHONIC ACID, C^qH^ SO^H, m.-pt 87°, gives tho^S isomondi 
when heated with conoontrated aulphuno aoid, diBsolves approeiablo amounts of iihoiiol 
and ifi used for mekmg a naphthol 

NAPHTHALENE-j9-SULPHONIC ACID botvob foi making j9-naphtliol and proolpitatoi 
protems m the oold. 

1-AMINO 2 NAPHTHOL, NH^ CigHg OH, is obtained by nitrating naphthol othy 
ether and tlian reducing The ethyl ether, m -pt. 61°, la used for making duimine him Ot? 
diamond green, and vanous bluish naphthyl blo^ 

1 - NAPHTHOL 2-CARBOXYLIC ACID, obtained like saUcyho aoid (p. 086) by heating 
dry sodium a-naphtholate with CO» m an autoolave at 130°, is uaod as an antlMptio aud n 
making oArome 'blue, 

2- NAFHTHOL-l -CARBOXYLIC ACID, obtained similarly, melte at 128° to 160° wltl 
evolution of CO^. It is used to replace )Q-naphthol in mA.TrlTig lejcefl oolourod directly oi 
the fibre. 

1 NAFHTHOL-4rSULPHONIC ACID, known also as Nevile and Winther's aoid or NV 
ooid, forms transparent tabular eiystals, mell^g and generating gas at 170° It is used h 
maWng azo dyestuffs, e,g , azocooehie 2R, fast red VRi, oloth red G and B, diamond blaol 
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F, alizarine bordeaiix W, anthraooiio rod, diamond blue 211, dianime blue BX, bonzo 
ozunne G, oto 

/0-NAPHTHOLSULPHONIC AND DISULPHONIC ACIDS Treatment of P naplithol 
mtli Bidplmno ooid yields varioua i)roduota ooeording to the oonooiitration of the aoid 
and tlie temperature. 0\nng to the dilHoulty of obtaining a Binglo snlphonation product, 
nuxturos of two noids are iifliiaJl> mode and then rosolvod uito tlio ooniiionBiita 

2 NAPHTHOL 0 SULPHONIC ACID, or SeMffoi’H aoid, molts at 126°, gives lUhydioxy- 
jiaplitJialune, in pt 21S°, when fused with alkali, and is used for making ozo dyostufTB 
bnlliant orange O, foot red BT, boi'doaux G, dlanunogeu blue BB, ali/aim ooid block SN , 
the iron salt of the iiitroso den votive fonns naphthol groun S 

1 NAPHTHOL b-SULPHONIC ACID, or Clove’s ooid, m pt 110" to 120°, obtained by 
boiling the dio/o derivative of 1 naphthylonilne 6 sulphomu oeid mth ivator, is used for 
making ooolunoal soarlot 4R, (bainund block F, benzo azurine !1G, etc 

2 NAPHTHOL d 0 DISULPHONIC ACID (B ooid) and 2 NAPHTHOL fl 8 DISUL- 
PHONIC ACID (G oeid) are obtained by adding finely ihvidod j^-iiaplithol gradually to 
sulphuno oeid (monoliyclrato), tlio mixture being kept ooid The G auid is used for making 
y aeUl The potassium salts are used for niakmg oraiigo III, olivann ouid rod B, Congo 
blue 2B, naplithol block, diaiiiinu soarlot B, etc 

1 NAPHTHOL 3 0 8 TRISULPHONIC ACID is used in Lugo qiiaiititios for making 
imphthol yellow S 

NAPHTHIONIC ACID or 1 NAPHTHYLAMINE 4 SULPHONIC ACID is obtamod like 
Biilphanilio aoid (p 037) by lioatlng naphthylamino aoid sulphate at 180° to 200° and is 
used in makmg many a/o dyoatuifs uaphtliylainino bi'own, azombiiio, orooeiii scarlet, 
eoohmeal red, benzo orange, bonzo purpurinoa 4B and lOB, diaiill black, oto The aodiuiu 
salt is used in making colloidal gold Bolutlons 

CLEVE'S ACID is the 1 7 iBomorldo, used for Biubrluh blaok 

DAHL'S ACID is 2 naphthylamino 6 Hulpliumo ooid mixed 'ivith the 2 H-eoinpound 
and is used for making pnnoeau for silk G 

DAHL'S ACID II, 1 naphthylamiiio 4 6 dlsiilphnnio acid, is used, iuixo<l with Dahl’s 
acid III (2 0 8), for making vanous naphthol blue biooks 

AMINO R ACID, 2 naphthylamino-S 0 disiilphonla aoid, and tlio isoinorio AMINO 
ACID G (2 6 8), servo for making brilliant oroooin, amino blue 0G, naphthol block B, 
etc 

Eikonogen is the sodium salt of n?- ammo jS^naphtliol sulplionio ooid and is used os 
a photographic clovoloi>oi 

y-ACID or 2 ammo S-naphthol fl-sulplionio acid, pi’opared together witii more or less 
J-ACID (2 6 7), gives two sonee of azo dyeatiiflfa by ooiipliiig witli dio/zi oomiioimdB hi 
auid and alkaline soliitious and also dlrootly on cotton fibre It is iiserl fni making diambio 
violet N, diamine blacks, dianunogeu blue, diaiiil blaok PB, oto , oU these for dyeing ootton 
without mordants 

H-ACID or 1 amino 8 naphthol 3 6 disulphoulo acid is the most iinporbaiit of the 
naphthoJone Bulphonio deidvativos and Is used in making uumorous azo dyestuffs for dyeing 
ootton witliout raorrlonts or wool and mlk various diamine bhioH, naijlithylamlno block 
lOB, diamine bronze G, diamine green B, fast aoid magenta, lanocyl dyosbuiTs, oto Befuro 
the Avar it cost 4 a poi kilo, and diumg the war as much oa £4 

CHROMOTROPE ACID or 1 H dihydro\ynap]it]ialono-3 d-flisiilphoiilo acid, obtained 
by fusing naphthylamluotnsulplionlc acid with alkali in an autoclave, Is used for making 
oliromotropo blue and black, Victoria violet 4BS, dianil blue, oto, , its sodium salt forms 
oluromogone 1 


a NAPHTHAQUINONE, 


/\/\ 

\A/ 

0 


IS obtaluod m yellow crystals melting at 126° 


by oxidising naphthaleuo with ohrainio ooid In bolUng aootio odd Bolution, From its 
constitution those of other substitution products of naphtliolone oon ba doduood, sinoo, 
when the subatituent groups are in the para-poaition» oxidation always leads uUiinately to 
o-naphthaquinone. It is volatile in steam. 

VOlii □ 


47 
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implitlialoiie with sodium and auiyl alcohol and Sabatioi and Sondoi'ons (1004-1010) with 
liydrogou in presonoo of finoly divided mokol SoJirootor (1015) obtauiod tolrohyclronaph 
thaloQO by heating pure fused implithalono m jireaenoo of fiuuly divided mokol with hydrogen 
under pressuro (Gar Fat 324,801 and 324,862, 1015) and from tiaphtliAlone vapour and 
iiydrogen at the ordinary pressure with the aid of various oatalysts (Ger Fat 301,276, 
1917) , the uaphthaleiio is oorapletely iniriJlod beforehand by treating it with a readily 
fusible metal or witJi bieselguhr or ammal oharooaL 

The tetrahydronaphthaloiio obtained from the crude product by distillation in a vacuum 
forms an oil stable ni the air, sp gr about 0 074, b -pt 200°, nu pt below — 20° Its 
oonimeroisl name is teirahnej and sinoo 1017 it lias been used in various uidustnos, e,ff , as 
a solvent for rubber, oellnloid and onllon, winch renders it posaihlo to prepare softer photo 
graphic Rims and to obtain substitutes for bookolltc, gollahth, and liquid and ooloiired loos 
(Ditmar, 1021) 

In 1917 Soliroetor and almost simiiltanooiisly Koiitorowioz found tliat visoous, oily 
substances arc foimcd when tctraJbie is lieatod with a little aluinlniuin olilorido. Holirootor 
ami von Hullo (1018-1020) showed that tlicso oils ooiisist piinoipolly of oclaJiydropheiuiii 
Uirene (ockiiiUireiie\ or 

Htt 

H, 

Ha H 

and of octaJ^ydroanUiTiicciic {poUirac&m)^ or 




Tlioso are aooompanied by a httle benzono, pp dltotrolyl, ebu 

Like those obtainal similarly from pofcroloum hydrocarbons, suoh visoous produota 
appear to have practical apphoations as lubiioatlng oils, os oils for internal oomliusbion 
un^iins, etc , and disclose now motliods for utUlsuig the large auioimta of naplithaluiio 
produoofL 

INDENE, C0H3, may bo regarded os formed by thu ooudeiisatlon of a bouzoiie group 


CH 



HO 0 (JH 

with a pontamothylone group | || || It is a yellow nil boding at 180°, and 

HO 0 OH 
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paBBes over at a higli toinperature (above 270°) in tlio dmtillatioii of tin ih 
subjected to a further lectification which yields a 50 per cent anHiTiucne 
This IS purified by distillation from iron retorts witli potassium uubonati', 

CoH,. 

which holds back the large amount of Corbazole, | /NH, as tlio non- volal ilu 

w 


OflH^s. 

potassium compound, | /KK The distillate then contains only aiithnu one 

CflH/ 

and phenanthrene, the latter bemg removed by diasolvmg it m (uiibon disul- 
phide or a mixture of tins solvent with concontiated aulpliui ic acid (( hu Wii 
164,608 and Fr Pat 349,337) The residual imthrnoene is piiiified by c lyslalli- 
sation from crude benzene {see Treatment of Tar described on pji 631 ) vl My ), and 
by Bubhination with superheated steam 

The proposal has also been made to purify crude aiitJinu'uiic (coiilaming, 
say, 46 per cent of anthiacene and 13 per cent of carbazolo) wilh hot niiiilillia 
and Bulphunc acid, which convert all the basic substanoes into suites and dissolve 
them, tne anthracene bemg ofterwaids separated by decantation Evapoi at ion 
of the naphtha gives anthracene of about 84 por cent sticngtli, and tliiH gives 
a product of 96 per cent purity on crystallisation fiom benzene In ] illicit of 
sulphuric acid use may be made of aqueous caustic potusli solution, 1 he disl illa- 
tion being earned out at 146° until water no longer passes over , tlio lesidiuil 
naphtha solution is decanted from the carbazole salt and cooled to deposit tlie 
pure anthracene (KinzGlbercer, Eng Pat 144,648, 1920) 

It forms shining, colourless scales with a blue fluoroscenfo, and nii^lts at 
216 6° and boils at 361° , it dissolves shghtly m ether oi alcohol, but is readily 
soluble m hot benzene Its calorific powei is 9641 cals At 100" it liegiim to 
sublime, its vapour pressure in ram of mercury bemg 


100° 150° 192° 245° 265° 

0-04 1 07 18 2 88 5 145 7 


Sunlight gradually converts it mto tho polymeiic pr/m-Anthracene 
(Ci 4 !&o )2 With piono acid it forms a moleoulai oondonsation piodiiel, ( 
OeH 2 (NOa)BOH, meltmg at 138° By roduemg agents, anthracene is tnuistormed 

n-TT 

mto Hydroanthracene, CQH4<^^a>0QH4, wluoh melts at 107° and is readily 
soluble m alcohol 


Its ooufltitutiou IB deduood from its various syntheacH AnHulillU obtaliiwl ll from 
tetrabromoethono and borueno in prosenoo of AICI 9 

OHBra 

2C0H4 + I = 4H13r -i- ObHZ | 

OHBra NjH/ 

It IS formed also whon 0 tolyl phenyl kotouo is hoatod with yluo diiHt 

=3 HgO H" 0 I ; 

this synthesis establishes the ortho position of tho counootlons botwwMi th(^ twe miolnl 
and also the presence of the CH OH group Ooufinuatory ovidouoo u ub tabled from tlio 
following synthesiB 

CHa 

<^Br /\/\/\ 

2 + 4Na = 4NaSr + 

^ OH, 

o-Bromoboniyl bromldo DlliydroanUmioonfl 

which, on oxidation, loses 2H and gives anthracene. 
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Phthalio anJiydnde, whofi lioated with bouzono aiid AlClg, gives o Lenzoylbonzoio aoid, 
from wliioh PC\ ollimiialoa water with formatioJi of autliruqiiinoue, the latter givrmg 
antliraeone wlion reduocti with zuio dust m the hot 

0 X0 OoHfl XOv 

0 CoHi<^ — > HbO -f- CQH^<( ^ 0^4 — >■ anthraoone 

\C00H MJO/ 

Centno hiikuiga do uob sooin to bo presoub m the iiuoloi of anthraoMio, which imdily 
combines with ozone (E Mohnan, 1907)( this property being oharaotonsbio of olefino double 
linkiuga (see p 107) 

It is used In the monufootuTO of antliroquinouu and aJlzarhi. 

Crude antliraeone oil (green oil) was sold before the war at 11 s to 12s M per quintal, 
crude 20 per oent onthraooiio at Is M pei kilo, and the purified product at Os to 8 s 
per kilo 

OCTAHYDROANTHRACENE, CnHia (seep 731) 


SUBSTITUTION PRODUCTS OF ANTHRACENE 


The possible isoraeiides are here very nnineioufl, but only few of them liave 
yet been prepared Three monosubstituted isomeiides are possible, as is seen 
fiom the constitutional formula [am above) The constitution of tlio isomeridoa 
IB aflceitamed from a study ol the oxidation products and of the methods of 
synthesis When tlie aubstifcuenta are m the y-^ or y^ position, oxidation gives 
onthraquinoue ^ 


CO 


ANTHRAQUINONE, CwHaO^, or 



, IS obtnmod very easily 


by oxidising antliraeone with diohromate and dilute sulpliuno acid ui the 
hot, or, bettor, with nitric acid, which does not give rntro-donvativos It 
can also be obtained from phthalic anhydride and benaeno m presence of AICI3 
(see above) 01 by eleotrol3Tjmg aiitliracene m 20 per cent sulphuiio acid in presence 
of cenum, chronuiun, or manganese salts (Ger. Pat 152,003, and Perkm, 1904) 


1 Of the many Denvatlvea of Anthracene, tlio fonowing iimy be muntdniied anlhraccw- 
carhovi/ltr aatlit (a, jS, and 7) , cJUorohromoanthracenES, wldoh ooutafn the IiidogenH In the 
7 poflltlnuH, Rfl they foim anthraniunono ou uxldatiou , iiilra oud dtnitro nnlhracMiffi (7] ; 
anUirananc, NH„ ohtiduoil from jS anthrol niid NHo , aniJirolfi (o ojid /3)» 

OH CH 

OJH4/ I 'SCgKo OH, anthrono, luid Itn bautoinerldo (wr pp 18, 304), 

^OH^ ^00/ 


,0H~y V— OH|— ^ 

7 antJtranol, O-HgC I , 7 hydroanihranol, 1 fho mUhrahydro 

\ C(OH)/ NCH(OH)/ 


.0(0H). 

O-HdC 1 ^C-Hj (throe iHomondeR chryimol, rvfol, and jlavol ) ; anOitacenc 
\ 0 (OH)/ 

mdidionxc and di«J/)Ai)nw orwifl , anlhraqvLxnoiitiBxdplionic^ anda , hjflroxyanlhfamunowa, 
OjgH^Og OJi,giUmzann (ai rq dlhydroxyantliroqulnono) j yurjturoxartiJLxn (ai jSa dmydmxy 
antlu’aqnlnone) , 0 aH 4 (C()j) OjH(OH)a (a j 8 oj) \b ^punn (bhe Iflomerio Aatw;>tM;)unn, 
anlhrapurpurtn, anlhragdUolt oto , are alBO known) , Oil OaHj COg OgHo OH (anihrafiamnxeava 
taoanlhfajtavimo aetda, with m hioh uorroapond aiUliraniJln, cJtryaann, cto ) { teiraJimroxyanllira~ 
qutnoncs {mjlopiiit anUtrachryaona, ^inalizann ) , heaxUiffiroryaiUJi/raquinonca {mjigautoacid, pUj ) ; 
methyl md. dimelJiyl anthraeenfa, Ci^'S^ OH[,andC)i 4 li 4 {CHo)B, yA^nyiani/iracew, OigHg CgHg, 

O ^O(O0Hb)v 

OgHg, (j3/*<7*aWdtne), I ^CgHg, 

NG(OH) ^ 

X(a,Hg)(OH). 

phenyVxydroDsyanlhranol [pfUhaiidrxiUi], OgFg^ yCgHgj arUIvracenecarhoxylto aetd 

OHb — V 

(a, 7 ). C 14 H, COgH, (dkylhydroaniJtranoU, 0 gH 4 <^^^^^^CgH 4 , efco. 
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It can be purified by crystalliBatiou from mtrobonaeno or omlme, which 
dissolve it in ttie hot but not in the cold Km^elberger (Eug Pat 143,885, 
1920) punfieB it by heating and shaking it witli ohloiobenzene or solvent naphtha 
in presence of aqueous alkali (or with concentrated sulphuric acid), the authra- 
qumone solution bemg decant^ off and the solvent lemoved by distillation It 
gives two iBomeno monosubstituted denvatives 

It forms yellowiah needles melting nt 274° and boiling above 3G(I°, and 
it dissolves in concentrated sulphiuic acid, but la precipitated unchanged on 
dilution It IB very stable, is not easily oxidised and has tlie cluiiactei of a 
diketone rather than of a qumono It ib not readily reduced, w only slightly 
volatile and has no pungent odour That the two lateral benzene nuclei have 
centric linkings and not olelimo double bonds is shown by tlio fact tliat, unlike 
anthracene (see above), anthraqumone does not fix ozone 

When fused with potash, it gives benzoic acid and, wlieu licated witli 

zmo dust and NaOH, Hydroxyanthranol, C(,H 4 < qq_>OoH 4 , winch lias 


a blood-red colour m alkabne solution and is oxidised to ontliiaquiiionu in 
the air Reduction of anthraqumone with Sn and HCl gives Anthranol, 
C(OH) 

I yCe-Hi, which is a weak phenol 

\C(OH)/ 

More energetic reduction, such as distillation over zme dust, yiiilds aniJira- 
cene The Schmidt reaction permits of the mtroduction of sulphonio or nitio- 
moups mto the non-substituted or the substituted nucleus of mithiaqumonc 
denvatives, according as the reaction ocenra in presence or in absence of bone 
acid a- or ^-Nitrodenvataves can also be obtained, at wiU, by lueiuis of the 
same reaction (Qer Pat 163,042 of 1906), which is facilitated by the jiioscncc 
of mercury salts 

Commercial anthraqumone cost before the war about Os per kilo, and the 
Bubhmed chemically pure product 28a 

The most important derivative of anthraqumone is the 1 2-dihydroxy- 
compound or olizaam 00 OH 

ATT'yAT^TXT \ IV/ I\I/I 


ALIZARIN (Dihydroxyanthraquinone), CmHsO^, or 


was at 


one time obtained exclusively from madder roots ijtuhm iindonm), from 
which Ruborythric Add (a gluooside of the formula 0aflHaa0i4) is (ixtraotnd , 
this liJ separated into glucose and ahzarui by boiling with dilute sulidiunc aiuil 
It IS a very beautiful red oolounng-mattei and was known to tlio ancients 
Since 1870,^ following Graebe and Laebermann’s synthesis (1809), it has been 
prepared only artificially m the followmg manner anthrooono is convoi*to<l 
by oxidation with HaS 04 and mto crude anthraqumone 


Thifl IB then heated at 100“ with oonoentrated aulphuno acid, which loaves tlin anfcluo- 
qmnone unaltered, while it oonverta the impuribeB mto sulphonio oolda aolublo In water 
The anthroqulnono is then filtered and washed and heated at 160“ with fuming sulplnirio 
add (containing 60 per oent. of free SOa), which oonverta it largely Into the monoaulphoiiio 
aoid. The latter la dissolved iijL water and filtered to separate it from unaltered authra- 
qmnone , neutralisation of the solution with oaustio soda reanlta In the deposition of tlio 
sodium salt, which la only slightly soluble in oold water One hundred porta of this salt ore 
mired with 26 parts of oaustio soda and 12 to 14 parts of potassium chlorate, which foolU 
totes the reodaon , the mixture is dissolved in the smallest possible amount of water and 
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tho liquid lioatod at 180® for two dayn in an autoolavo fitted with a stirror The Bulplioiiio 
group ifl thus roploocwl by hydroxyl (or ONa), and at tho saiuo tiiuu a acooiul OH group is 
formod by the oublou of tho ohlorato 

C.H4<QQ>CeH, SOgNa + SNaOH + 0 = NQ5S03 + 2HB0 + CflHj<^>C„Ha(0Na), 

Hodliim antJinuiiiliiuni) 
iitonoHiiliilioiuito 

Tho fused inoas is run into water and ooidiflotl with sulphurio aoub tho oolounng matter 
(ollyann) being thus liberated 

According to Pr Pat 338,144, if fu!»uag Bulphurio acid acts on anthraquinono ui preaonoo 
of mercury, there is no partial furiuatioii of tho ?/z aulplioiile coiupouiid, the Huipho group 
outormg exolusively tho ortlio position to tho ketoiiio group 

AUzann may olsn bo propari^d (Qor Pat 180,020) without Bulphonatioii by treating, 
say, 300 kilos of a mixture of NnOH and KOH with 30 kilos of NaClOg (or NobOb, BaGg, 
PbOg, etc ) dissolved in 100 litres of water, 100 kilos of authiaqiimono being then added and 
tho liquid heated at 200® in an oil bath until tho nxidiauig agent disappears After this, 
tho moss is poured into watoi through which air is thou passed , the alkonn is precipitated 
Avlth milk of hino, tho precipitate being filtorod off and decomposed wltli HGl and tho 
nluarin purified from anthraquinono residues by moans of oaustio soda. This inothod 
yields a purer product tlum other processes 

Aliza^ has boon prepared roooutly by posslng an oloctido current tlirough a mixtm'o of 
antbroqumono and fused potoslu 


Alizarin subluiica in lino, oiuugc-rcid needles, molts at 289®, and is almost 
maolublo m water and slightly soluble in alcohol , owing to its jihonoho groups 
it dissolves in olkoli and also forms a diaoetyl-derivativo When distilled with 
zinc dust it forms anthraoono 

With metallic oxides it forms insoluble hikes of various colours, and on tlus 
IS based its use in dyeing With feme oxide it gives a bliush black colour and 
with Imie a blue lake , tho lakes of tm und ulumuiium are red (Turkey red) 

Tho constitution of alizarm is shown also by its synthesis fiom plithalio 
anhydride and catechol at IDO® m presence of sulphurio acid 

OoH*<gg>0 + C A<oh (2) = 

Denmtivcs of anthraquinono and of hydroxyanthraqumone, ospocially tho 
ommo-denvativos, form oolounng-itialteTi^ only when the two hydroxy-groups 
are m the ortho-position to one auothoi' 

OA OH 

PHENANTHRENE, C 14 H 101 I j| , is an isomerido of anthracene, 

0004 OH 

with which it occurs m tm Wlien pure, it forms shining, colourless bobJos, 
soluble m other, loss so in alcohol (with blue fluoresoenoe) and only slightly 
soluble m -water , it molts at 99® and boils at 3i0® Tho separation of phoruvn- 
throno from antluaceno ls dosonbod above {see Anthracene), Synthetically 
it IS obtamod by condensing 1 mol of o-nitrobenzaldeliyde (or its higher homo- 
logues) with 1 mol. of sodium phenylacetato m prosenoo of aoetio anhydride * 

CflHc CHa COaNa + NOa aeH 4 OHO = HaO + NOa CaH 4 OH 

OeH, !) COjNft 
Sodium a phoiwl-o 
ultrootitnunato 


Reduction and diazotisation olimmato the NOg > treatment with powdered 

O 0 EC 4 -’— CH 

copper then gives /S-Phenonthrenecarboxylic Acid, I I , from 

aaIl4-0 OOj^H 

which OOg ifi elimmated m the ordinary way with formation of phenanthrene 



i 


i 
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When oxidised with chromic acid, it gives hist Phenanthraquinone, 

/yellow crystals, in -pt 200°), and then Diphenic Acid, C 14 H 10 O 4 , or 

CO2H CO2H 


CJJi CO 

I I 

C0H4 CO 


\_/ — 

Tlie constitiilion of phenantluone w eHt-ablished by itH aynthcHus und by 
itfl oxidation products The double bnkmg between the two inethinio caibou 
atoiufl ifl not shown by the ordinaiy reaction with perniaugaiiate (IJaeyei) 
{sec p 107), but in made evident by the leaotion with ozone (E Molmun, 19II7 , 
see p 107) The constitutional fonnula of phenanthreue may be lopreHontocl 
thus 


CH CII 

CH C/=-\ a CH 

>C-C< _ 
CHCH CII CH 


and it may, therefoio, be legarded as fonned by the coudensation of 
benzene nuclei 

OCTAHYDROPHENAJSTTHRENE, C;i4Hi8 seo-p 731 

OTHER CONDENSED NUCLEI OF LESS IMPORTANCE, foiuid in tlio portioiw of 


petroleum and tor diatlUmg above 360°, ara as foJlow 


/CH CH 

/ 

— V CiHj — CI[ 

c,h/ I II , 


> 1 II 

\C„H,— CH 

— \ )> 

— / O 10 H.-CH 

FliiomnHirono, OisUjo 

I*jroiiu, ( loTFio 

Clirywilo, < iuirj 2 

CioHr-CH 



1 II . 

CHas 

. 1 II 



)CaH,— CH 

Flcono, CbbKi^ 

C-H/ 



Itubinu, (tieUiB 


Retene has ra -pt 08® and b pt ^94° , Chryaene, in -pt 2fi0", b pL 448" , Picene, 
m -pt 364° , Fluoranthrene, in -pt 110° and b pt 250° (60 mm ) , Pyrene, in pfc 148", 
b -pt 200° (00 nun ) 


BB. HETEROOYOLIO COMPOUNDS 

These are substances containing at least one miclous, tlio atoms foiinmg 
the nng bemg of more than one Icmd, i e , tliey are not all oai’bon atoms as m 
the hmnocydko compounds as yet studied, one oi more of these emhon aii)ins 
bemg replaced by mtrogen, oxygen, sulphur, oto One of tlie sunplost of those 
hetorocychc compoimds is furfurnn 

1 FURFURAN (Furan), C 4 H 4 O, is a ooloiu'lesfl liquid whicli is inHoliible 
m water, smeUs like ohloroform, boils at 32°, and is foimd among the first pro- 
ducts of the distillation of pme-tar With metallic sodium it does not give 
hydrogen, so that the oxygen is not present as OH , nor is it m the form of 
carbonyl (CO), since furan does not react with phenylhydrazine or hydroxyl- 
amme It can be converted mto ooerulinio aldehyde, while, under suitable 
conditions, suoomdialdehyde loses HjO givmg furan These reactions mdicato 
its constitution 

CHa OHO OH OHv P ^ 

llHj CHO ~ is CH^ ( I — ^ ) 

Buocludlaldehyda Fomn 



T H T 0 P II E N 737 

A slmving of pimjwoocl inoiBiencd witli IT Cl givoH a gieea csoloiatioii witli 
fiir&n Tlio liittei luiictH wit.li IICl, foiiumg a wliito iniiH.s 

FURFURAL (a-Furol, Furfuraldehyde), CgHjOg, w obtuinwl readily and almiulantlv 1>V 
the ootioii of fliilphurlo aoid ou poiiloHoa, peiitoHniifl, and woody substaiiroH (wm p 527) , 
it IB foiuuL HI fiiBol oil Olid iii olovu oil It in a uolourloHS oil of aroinatio odour, turning 
brown in tlio air and Imiling at 102"^ , it is Bolnliio lu alouhul and, to a Iuhh uxUuit, m water 

CHO 

Ita aldoliydic proportioa jiwtify the oonstitutioii , \ With iilooholio potash it 


eoiTOS 2 Jond[ng Furfuiyl alcohol, 


V Al,g V# j 

’ I ^^0 ’ 


and Pyromuclc acid, 


tho latter nidltH at 132°, HiilihtneH I'oadlly, dlsHolves In hot waU^, doouloriHOti olkalinu i)or- 
mangaiuito and eombmus witli 4 atoms of l)ro!nnus the proHOUue of two true ulednio doublo 
liiikingB being tiiUH aouflnued If hoatod in a Healcal tulxs at 275° it gives fnrfuron and TOg 
With aniline and HOI, or with am lino nuutato paper, it givctti a oliarootormtie mtonso rod 
coloration {Me p 528) 

2 THIOPHEN, CjH^S, oooutb in tor and always aooonipanioB bonyono, on aoaouut of 
tholi similarity in bod mg point (84°) and othoi' properties IJ'or tlio prt^paratloii of bouyeiio 
free from thiopliou, aee pp (530, (5,33 

Thlojihon Is pioduuud on a largo aoolo, but in small yield, by passing aootylono or 
othyleno through boiling BulpJiiir, or by pnaslng illuminating gas over rod-Jiot pyritos 
W Stoiukopf (1011) obtains an inoroasod yield by iiasslng a mirront of oootYlono over 
pyntes oontoined in a revolving iron dnim and limted to 300° In a fiunauo, tho oxhauutod 
pyrites being uontinually disoliargod and fi'esli pyntes liitroduaoil The euudonsed liquid 
product oontaiua 40 per cent of thi 02 )lien, whioh eon ho oxtrauti'd by fiaetional distillation 

One of tho syntheses of tluophou eonsints in tlio diHtlllatioii of suouitiie add in pn^onou 
of i)liosphoruB Bulxdudo, Iiydrogon and liydruguu Bul 2 )hide boliig evolved , this Hyuthosis 
oonflrms tlio uoustitutiuii 

P a 

HgO OOgH 

I — ► I ^ (Thiophen), 

HgO COgH HC = CH/ 

TJiioxibon is a oolouiloiSs and almost odourless, rofrootivo liquid, bolbiig at 84°, and 
liaving tho sp gi 1 0(52 at 23° Tlio prosenuu of tho duulilo liulclngs la eoullrmod by tho 
quantitative addition of o/ono 

Pure tJilopbon, prepared synthobieally, austs oa much as £18 per Idiu 

CH rJ(C‘H:a)v 

Dimethyl thiophen (^frjore^ie), | is obtained liy tlio Intorootion of tho 

CH C{CHy 

onulio fnnn of aootonylaeotouo and phosphorus poutosulxdiido, and 1 4-dikotono8 in 
goneral yield higher homologiies of tliiophou, whioh, when oxidised, give uarhoxyl gi'oupa 
in x^laoe of the aido-oliains 

Tluophou oompounds, Buoh os lialogeu and niti'O dorlvatlvcs, Bulphunlo adds, eto , 
boliave very similarly to those of bonzono 

With isatin and oonoeiitrated Bulphurio aoid, thiophen gives a blue ooloratlon {%ndo~ 
2 >hen%n, OigH7 NOS) 

3 PYRROLE, C 4 H 0 N, IB found in fimall quantity in tar and in larger quantity in Dippd 
animal oil (bone oil), espodolly in tlie fraction distilling at about 130°, which is freed from 
pyridine bases by saponifying witli soda and washing with dilute Bulphurio add. It 1b 
purlAed by oonve^ig into the potaaalum derivative, O 4 H 4 NK (by the action of potasdum), 
wbiob Is washed with ether, m whioh It is insoluble, and then treated with water, the 
pyrrolo being thus liberated 

After fraotlonal distillation, it 1 b obtomed as a light, ooburless oil, boUlng at 181°, 
and possessing a faint odour of chloroform. It roodlly turns brown and polymerlBos under 
tho action of light. With iaatlii and Bulphurio aoid It gives the blue indophenln reaotlon 
(sec above) 


^ ^ O . 


nil 




4 
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A reaction eharact&^io of thep^/rroles is the red ooloratiou they give with a pine shaving 
moiatened with HOL • 

The hydrogen of the iminlo group is replaoeable by motals, acetyl, and alkyl groups 
Pyrrole now forms the basis of a number of important oompounds, whioh 01*0 obtained 
by vajious syntheses investigated by Ciaimoian and bis collaborators duniig tlio post 
quarter of a ooutuiy 

The constitutional formula of pyrrole is as follows 

P'RC CH^ 

4 a 

a'HG GKa 



H 


this being deduced trom a number of Toactions and aynthosea, e,g , tho formation of pyrrole 
by tho action of ammonia on y-diketoues or on sucoiuio aldehyde, with liitoriuediate 
formation of chammonoldehyclo 

OHa CHO CH OIK 

I + NHa = 2HaO + | >NH 

CHa CHO OH OR/ 


This pyndme iiuclous oooura frequently in nature, in combination with other grouiw 
in alkaloids (nicotine, etc ), in the oolourmg-mattar of the blood and of chlorophyll, ata 

CHa CH N OH 

When boiled with hydroxylamine, pyrrole gives succindialdoxime, | , 

CHa OH N OH 


which, with mtroufi acid, gives auoolmo aldehyde, 



CHO 

OHO 


CHa OOv 

Pyrrole is formed by the distillation of Buoaunmlde, | yNH, with sodium 

OHg CCK 

or 2 aQ 0 dost, wMLo the oxidation of pyrrole with chromio odd gives malcumido, 



Pyrrole is changed by acids , with HOI in the hot, it polymensos and oondonaoa to a rod 
mass (pyrroZfl raZ) It hu a faint basic oharaotor, but gives a hydrochloride, { 04 HaN)a, HCI, 
only in ethereal solution. 

With the halogens it gives not additive products but only, like benzene, substituted 
dorlvativos. Tetraiodopyrrole (lodol) is obtained from pyrrole by the action of an olooliolio, 
aUcohne solution of iodine , it is on efficient ontiseptio and is used instead of iodoform, 
being without tho unpleasant odour of the latter It melts at 100°, and la colourless when 
freshly prepared, but it gradually turns brown n-nd depoaite iodine 

With nitric and sulphuno omds, pyrrole reainiflea , the mtro donvativos, which contain 
the fAoniffe*group, NOOH, ore prepartMl indirectly (eg, with alkyl nitrate) 

Pyrrole is analogous m many of its properties to the substituted phenols and anilmea ; 
thus, a methyh or ooetyl-group united to the nitrogen (N denvativea) Is displaood, on 
heatmg, to a carbon atom (O-denvativee) 


HO— OH 

II II 

HO CH 



CHa 


HO-OH 


II II 


HO 0 OHa, 


HC-OH 

P II 

HO CH 

Y ^ 

I 

00 OH, 


HO— GH 

II II 

HO 0 00 CH 



a* 
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Potaasiiim pyrrolate, C 4 H 4 NK, and COj givQ pyrroleoarboxylio aoid, C 4 H 3 (C 03 H) NH 
(in -pt 102°) , tluB loses COg and gives pyrrole ogam when heated, whilo it loses water and 

N CO 


forms a dimoleoular anhyfbido, Pyrocoll, 


z><; 


, when treated with aootio 


CO N 

anhydnde 

Like the substituted pIioYiols, tho 0 olkylpyrroloa givo pyrroleoarboxylio aoids by simple 
fusion with potosli In analogy with tlio formation of nitrosophunols from phonols, pyiTulo, 
with otliyl nitnto in preaenoo of sodium alkoxide, foims Nltrosopyrrole, wliioli existfl in 
tautoinono modiRoations 

HC— 0 NOfI HC=CH 


HO CH 


HO G NOH 


and 


N N 

By moans of ohtorofonu and sodium alkoxide, another atom of oarboa la introdueoil 
into tho nuolouB, a pyndmo dorlvativo being formexL 

Hydrogenated dmvntiveH oj ^lyrrola oro formed inoro oomly tliau those of bon/ono, and, 
like the latter, do not show purely aromatio proportlos* Wlion pyrrole is rotluood by moans 
of zmo and hot aootio or oold hydrooJilorlo aoul, it yields Dlhydropyrrole (nr p]frr(il\nCy 
m -pt, 01°), which, witli HI aud P, gives Tetrahydropyrrole (or b pt 87°), 



Hg , the latter, togotlior with N motliylp 5 nTolhio, ore tho sunplost oyelio alkaloids 

NH 

known and oro found in tobaooo PyiTolidmo is found in carrot sooda aud a 0 methyl 
pyrroUno m jicpper 

When proteins ore doeomposod by means of tryiiain or hydroohlorio aold, tho ammo- 
aoids formed are oouompauied by Irovo rotatory a Pyrrolldlnecarboacylic Acid Among tho 
products formod by tho dogrodataon of ogg albuuun by baryta Is a'-pyrrolldone a-carboxyllc 

HgO— OHg 


I 


acid, 00 


Jh 


\/ 

NH 


COgH, whioh is also known as lyyroglutamxo aou2 ; it molts at 183°, lias 


a noutraJ rooetion and, wlion heated, loses COg and HgO, forming pyrrole. 

PYRAZOLE, CgHjNg, is a lioterooyolio oompound with two nitrogen atoms in tho 
ortho positions It can, indeed, bo obtained by the oondonsatloii of 1 moL of diozomethono 
with 1 moL of aootylono * 


CH 

Ih 


yN C 

gh/ II = I 
^N C 


OH N 

I 

CH 


> H (Pyrozole) 


It is very stable, inejta at 70°, is a feeble base, and has a neutral rooetion in water Tho 
tbhydro oompound is known os Pyrazollne, OgHoNg, and tho a koto dailvativo 

CH : Nv 

of this, I yNH, os Pyrazolone. Condensation of methylphflnylhydrazmo, 

OHg 

OH3 NH NH OgHg, with othyl aoetoaoetate yields Dimethylphenylpyrazolone, 
CHg • C-N(OHg). 

II pN 0|H!g, whioh bears the name oTUip^nne and is used medioinally 

H 0 CCK 

owing to its marked anidpyretie action on the animal organism ; It m^tB at 118°, dlsaolves 
m water and in aloohol, and gives a greenish blue coloration with nitrous oold and a red 
Qoloration with femo chloride. 


t A 


I i I f f i 


i - 
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PYRAMIDONE ib dimethylaimnoantipyrine or phenyldimethylaminopyrazolone, 
/N(CH3) C CHb 

II , and la prepared by roduomg iflonifcr<w«»iiiLi]ivihio, 

\CO 0 N(0H3)b 

anbaequent alkylation (Meiater, Luoius iind Briliimg, Ger Pat 71 , 201 , 1801 ) It fonua ii 
white oiyataJline powder, m -pt 108 °, haa aaoraowhat bittor Ijiato and (IIrhoIvoh nmlily m 
aloohol and m 18 parts of oold water It la used as on aiitlpyroLio, lliu doHo being 0 0 grin 

THIA 20 LE, CgHgNS, or | yS, inay be regarded as thioplioii wltli one TH 

CH = CH/ 

group replaced by N It shows onalogioa with the pyridine baaos fTiiHt as lHui/(»no may 
be obtained from amlme, thiazole may bo obtained from aimnothia/ole («r lu hm) 

AMINOTHIAZOLE, CgHgNS NHj, is obtained by the action of jnonocliliuneeLaldnhvdi» 
on pseudo thiourea 

CHg Cl HN. Nv 

I + >C-NH, = Ha + HjO + II >' Nila, 

CHO HS/ 

and IS a base analogous to aniline. 

N=CHv 

IMINAZOLE or Glyoxaline, C 8 H 4 Ng or | /NH, molting at S) 2 °, jh a Hlituig biuic 

hc=ch/ 

with a fishy odour, and la isomerlo with p 5 rrazolo {see above ) , it is ubtaiiUMl by the motion 
of ammonia on glyoxol m presence of a little forinoldehydo. Alloxan {svv p 4 * 15 ) may bo 
regarded as a derivative of immazole. 

LYSIDINE, Methyldlhydromilnazole or Ethenylethylenedlamlne, C 3 Ha(CHj)NaHB, ih 
administered os a solvent for uno acid. 

N=0H. 

OZAZOLE, CgHgNO, or | \o, la also termed Furazole, owing to Its analogy 

HC=aH/ 

with furfuran (see above) Its phenyl denvativea ore known, as also arc thoso of Isooxazolo, 

ao = Nv 

I >0 

HO=aH/ 

HC=Nv 

OSOTRIAZOLE, ( la faintly odd and also faintly Imiwo in ohauiotiM 

HC=N/ 

It melts at 22 °, boils at 204 °, and is soluble m water 

N=CH. 

TRIAZOLE (or Pyrrodlazole), ^ ^ moltfl at 121 “, aiul ]h 

m water 

HC=Nv 

TETRAZOLE, | yNH, ta a weak aoid whioh fomB oxpl()Hlv(' wiltH , it ini'ltH 
N=n^ 


m water 


TETRAZOLE, 


at 166 ° and is soluble m water 
HC=Nv 

AZOZAZOLE, I \o, is also termed Furazan 

hc«n/ 


4 PYRIDINE AND ITS DERIVATIVES 

Pyrii^e ib a heterooyi^o nnoleuB contaanmc 6 oarbon atoma and 1 o£ nitrosen 
b^^oui, butltM more stable or more mdifEerent 
a<n<3fl, permanganate, etc Oxidation 



PYRIDINE DERIVATIVES 711 

Ita hydio-donvativea are readily formed lu a amular manner to hydro- 
bunzeneu 

Halogen derivatives are obtamed more easily by the action of PCSg or 
SbCljj at a high tempoiatuio than by the action of the halogens thomflelvos 

Oxidiamg agents attack only the side-chains and not tlio pyridme nucloiis 
With salphitrio acid, a pyndmesulphonic acid is obtained, and this gives a 
hydroxyl-don vative of pyiidme on fusion witli potash, or a mtrilo when treated 
\vith KCN There is honoo a miu'ked analogy to boiizono, although direct 
nitiation of pyridine is not ])()HHiblo luilosa phenolic oi oiumio gioups are piosent 

P^idine and its derivatives are decidedly basic in chaiactei (t-ertiaiy bases) 
and foiin soluble salts witli liydroolilono or sulphuric acid and inHolublo ones 
witli cluomic acid , tlu^ double salts with platmiun and gold clilondos are 
sliglitly soluble Like toilioiy bases, tliey combine with methyl iodide to fonn 
quateinaiy buses 

From the complex alkaloidal gioupings, pyridiuo compounds nrii often 
obtamed eithoi bv distillation with caustic potash or ineioly by enoreotio 
oxidation 

Coul-tai’ and Dippel ouunal oil oontam various pyiidine compounds wliioh 
are sepai ateil after coiiverMion into salts 

General Methods of Formation (a) The oxidation of qninohuo (sco lal^) 
yields first quinolmic acid (pyridmedicarboxylic acid), CQll3N(COaII)a, which 
thou loses CO3, giving pyridme ^-Methylpyndmo is obtained by distillmg 
acraldehyde-animonia , this explains tlie presence of pyridme products ui 
Dippol oil, acTolom and ammonia being formed m the diy distillation of non- 
dofattod bom^s 

An important synthesis is tlio gruieral one of Hanfcswiih by which ethyl 
dihydrocolhdmedicarboxylate, for oxainjilo, is obtamed by heating aldohydo- 
anunonia witli ethyl acetoacotate , other pyridme couipounds aie obtamed 
fioin dilleient aldohydti-ammomaB and /?-kotoiuo acids . 

2 CH 3 00 OH a OOaOaHB + OHa 0110 + 
0 aN(Cna) 3 n 3 ( 0 O 303 HB)a + SHaO 

From the osti^r thus foimed the liydrogen of the Nil and OH is elimmated by 
means of lutrous aoid, and the resulting collidmedioftrbnxylio acid, when treated 
with potash and distilled witli hmo, Iosifs the two carboxyls and gives colhdmo 
(tiimeth^lpyridini^) , oxidation of the lattci' gives pyiidmoonabox^ho acid, and 
oluiimation of caiboxyl from this m the oidinary way foi'nis pyridme 

When etliyhdeiio chloride is heated with alcoholic ammonia, it yields 
Aldehydme, N 


The cmufitliUimi, of pyridine ooiioaponcls with tJiat of bonssono in which one inethlnlu 
group, OH, has boon I'oplaood by a nltrogou atom KOriiei la 1801) proposed the following 
constitutional formula, which still agrees woU with all the general xiroiiertius of the xiyridino 
Qompoimds 


GH 

HC/^H 


H( 


N 



AVhen xiyiidino Is roduoed with alcohol and sodiunii it fixes six atoms of hydrogen, 
giving pipejldlne or hexahydropyrldine, the oonstltatlon of whloh is shown by its synthesiB 
iviien pontamethylenedlamine hydrochloride Is rapidly heated 


< H, CH, NH, 
CHg NHj 


NH. + 





h 1 3 1 i j ^ I 
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WhioiL pipendiiie la hieated with solphono aoid it gives pyridine, and the latter, when 
strongly heated with hydnodio acid, gives normal pentane The oonatitution of pyridiue 
ifl confirmed by the fact that the isomono substitntion produote oorrespoud exactly In 
nuinbor with those donvable theoretically from KOmer’s formula. There arc, indeed, 
three monosubatituted isomendes (a, and y), and six disubstituted isomondos aa', 
afi, ap\ Py, PP\ and ay 

The position of a suEistituent group is determined by converting it into a earboxyl 
group with formation of the corresponding acid of known constitution {nee It tier) Tlius, 
plooJlmo ooid has the carboxyl in the a-podtion, mootimo aoid in the p , niid iBonlootimo 
acid in the y-position. 

PYRIDINE, CgH^N, iB a colourless liquid, boiling at 116° and liaving the 
sp gr 1*0033 at 0° It dissolves in water m all proportions and has a slight 
alkaline reaotdon (not sensitive to phenolplitlialem, slightly to htmiis, and more 
BO to methyl orange) 

It lias an unpleasant odour and is hence used to denatuio alcohol {sm p 177) 

It forms a sightly soluble ferrocyanide, by means of which it can be purifiod 
It forms pyndmeammoniinn iodides, eg , which ■with KOH in 

the hot gives dihydromethylpyridme, 05^^02 N0H8, with a diaiaoteristio 
pungent odour 

Metallic sodium polymensoB pyndme, foimmg dipyridine, OioHigNa (b -pt 
290°), and y-dipyridyl, a or NC5H4 (m -pt 1 14°) With aulphuiio 

acid it gives ^-pyndinesulphomc acid, NOsBL SO3H 

Pyridine ]S administered m oases of astioxna and has been suggested as u 
means of purifying synthetic indigo 

Mixed pyndme bases for denaturing cost before the war about Is 2d per 
kilo and pure pyndme 85 

Of the homologues of pyridine, the following may be mentioned 

PICOLINE (Methylpyridlne), NC 5 H 4 CH 3 , ensts oa throe Isomeno liquids sbiular to 
pyndme and of disagr^ble odour , their boiling pomts ore a, 120 '' , 142'^ , y, 144^^ 

Besides by general synthetical methods (^ee above), p pioolmo is formed by heating stiyuh 
nme with lime. a-Methylpyndlne condenses with aldehydes by moons of the mothyl 
group, giving NObH* CHa + OSg OHO == NObH* OHj CH(OH) CKg Tills 

a-p%colylalhm gives up a molecule of water yielding a pyridiue donvativo witli an iin 
saturated side ohom, e ( 7 , u allylpyndlne, NOflH 4 OH OH OH^ 

These reaetions proceed in one stage if sine ohlonde is present with tlio aldoliyde 

LUTIDINES (Dimethylpyridines), N 0 bH 3 ( 0 H 3 )i , throe iBomorldos arc knoivn, with tlio 
boiling points aa\ 143° , pp‘, 170° , ay, 167° 

COLLIDINES (Trimethylpyridines), N 0 BH;a(QH!a) 3 , are isomeno with propylpyriduio 
a-Allylpyridino {au above) fixes hydrogen (alcohol and sodium), giving the alkaloid CONIINE 
(inactive raoemic), which is a-propylpiporldine , fractional mystolUsation of the tartrate 
separates the Iffivo- from the dextro-form, the latter being identical with natural ooulino 
(the poison of hemlock), boiling at 167° The asymmetno carbon atom oaufllDg tlio activity 
IS the a- one united with the propyl group 

PYRIDONES or HYDROXYPYRIDINES, NCgH^ OH The tlireo isomoridos 01*0 known, 
them bofimg-pointa being a, 107° , p, 124° , and y, 148°. They are obtained by heating 
the OQiToepondlng hydroxypyridmeoarboicyllo acids with lime They are phenolio In 
aharaotor and give red or yellow colorations with feme ohlonde. a-Hydroxypyridino forma 
two senes of derivatives oonesponding with the two tautomeric formuleo 

vO(OH)y no. 

OaHg<^j^ and CbH,<^^^ObHb, 

the former giving, for Instance, a methoxypyrldlne and the latter a methylpyrldgne. 

PVRIDINEMONOCARBOXYXIC ACIDS, NCBH 4 CO|H The three isomerides are as 
follow a or picolJnic acid, m -pt. 136° , p or mcotinic or nicotic acid, nu-pt. 281° , y or 
IsomcoHnic acid, m -pt. 300° 

They are formed by oxidation of pyridine denvatives with a side nl^A■^T^ or by elimination 
of one carboxyl from the pyndlnedicarboxyLo acids, that nearer to the nitrogen being the 



PIPERIDINE 
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nioro easily oliminated Niootimo aoid is obtoanod on oxidation of mootliio When boiled 
with sodium amalgaiu in a lughly alkoUno solution, those acids lose nitrogen as NHg and 
give saturated, open olioiii, dibasic hydroxy acids 

When tlie carboxyl is in the a position (with the dicarboxyhc acids also), an orange 
coloration is given with roS 04 

As they are botli acid and basic m oharaotor, they oxliibit nnologloa ivith glyoocoll (wee 
p 423) 

The PYRIDINEDICARBOXYLIC ACIDS, NCaH 3 (COaH)a, have the following molting 
points oa' or dlpicolinlc acid, 220°, or dlnicotinlc acid, 323°, a^or quinolinic acid, 
100° , ap* or isoclnchomeronlc acid, 280° , ay or lutidmic acid, 230° , fiy oi cinchomeronic 
acid, 240° 

Quliioliiuo acid Is formed by tho oxidation of quuiobno, its constitution being tin is 
established, and suioe lii tho liot it loses COg from tlio a position, giving nicotinlo acid, tlio 
ooustitutiou of tho latter is also fixed 

Pyiidinetrlcorboxylic acids (obtomoil by oxidising oiiiohonino or qninJno), os well os 
pentacarboxyllc acids and hydroxypyridinecarboxyllc acids, are also known. 

HYDROPYRIDINES The dihydropyrldlnes ore inontionid above The lelrfiJiyilm 
2 tyT%d\ntH and their derivatives are known also as _ 2 n^>ento?iefi, wliilo tlio /icraAydrojjyrtdwisa 
and tlicir donvativos — ^inoludod in tlio term — om brace ynpccfjhns, NCoH^q CH 3 , 

lnxi€i\dxm, NCflHo(CH 3 ) 2 , cojicWidwis, NC 3 HH(CH 3 )a, etc 

PIPERIDINE, NCgHji, is obtained by lioatlng plperine or 
O^sHgOg (m pt 120°), wliioh is the alkaloid oontainod m popi>or, and is formed by the 
ooiidonsation of 1 mol of pxpmo or pvpennio uovf, OigHigO^, or 

CHe<y>0,Ha CH CH OH OH COjH, 

with 1 moL of pqiendlno. For tho oousbitution and synthoflos of the latter, acs p 741 

Pqioridbio boDfi at 100°, has an odoui of pepper, is strongly basic, and is soluble iu water 
or alcohol With TTgOa it gives ftminovaloraldohydo 

Piporiclmo, being a Boooudary base, foims with 2CHiI an ammonium iodldo derivative 
wluoh, when distilled -with silver oxide, gives on uimaturatod o^ieii chain, tertiary base , 
In its turn the latter, with OEoI, AggO and distillation^ loses trimothylanunu and forms 
piperilene, OHfl OH OHg CH CHg 

To the group of heterooyolic ooinpouudH belong tlio followmg, wluoli aio of 


little unportance 




0 

N 

CH 

0 

IIO^ 

J k 

i II 

HO CH 

h/%11 

i 1 

1 1 ' 

OH 2 CH 

V 

\/ 

N 

Yr 

' 1 ^ 

1 Tyrone or vyrnoonunui 
(m jpt I diQ Iso 

inorfo a pyrono Is 
oouinaHii 

I*ymtino or oidifu 
(in pt 47") la bosk 
nud with K ijivos 
pUpofOtins, U4ll]oNg 

UT nwllnsliK) 

(m-pt 22°) 

Mwiihaliw 

nlHiHO, h pt 
180® 


From those compounda may be derived commhnic or cornmio acxdy 
CgH^Oa COjjH (also formed feom malic acid) , meconic acid, .O^HOa(OH) 
(COjjH)b, which can bo obtamod from opium and gives fyr&meoonxo am by 
ohinmation of 00^ , chelidonic acid, 05 HbOb( 002 H) 2 , which is found in celan- 
dmo, loses CO^ giving comanic acid and pyione. 

ALKALOIDS 

These are found m various plants and have medicinal and often poisonous 
properties , some of them, such as oafiemo, theobtonune, etc., were desonbed 
on pp 437 el seq , and the pnnoipal ones having basic characters {vegetable bases) ^ 
will be considered here 

They are almost all leavo-iotatory aAd have an alkabne reaction and a 



^ ^ i 


i i ^ 

a j i H 
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bitter taste Thejr aie soluble in alcoliol and to a loss extent m ethei, luid aie 
usually iriBoluble in watei and m alkali , m acids tliey dissolve witli foi million 
of crystallisable salts Neaily all alkaloids ore precipitated from then solutions 
by tomiin, phosphomolybdic acid, potassiuiu mercury iodide, IH, or 

aroniatic nitro-denvatives (e g , picrio acid, etc ), etc ^ Fiom plants they are 
extracted with acid solutions and ore then liberated with alkali and either 
distilled in steam or, if they are non- volatile, filtered oft 

■\Vhen converted mto salts by moEins of strong acids, then specifio rotatoiy 
power IB not greatly influenced, smce these acids ore almost completely dis- 
sociated in ag^ueous solution , with weak acids, however, the salts are only 
slightly dissociated, and hence the lotatorv power is difterent, being duo to verv 
different ions 

A Pictet (1906) regards the alkaloids not as asaimilation pioduots of tlio 
organism , but ratlier as nitrogenous decomposition products of protoms, nuolcms, 
chlorophyll, etc , which have condensed with othei substanoos pieseut in tlie 
plants It IS supposed that alkaloids contaming the pyrrole gioiip liave thou 
ongm m protem oi chlorophyll, in which such group is certaiiuy piusont, while 
those with a pyiidine Moupmg have a siimlai origin, the transformation of the 
pyrrole mto the pyndme nucleus being possible even in the laboiatory , the 
pyridine or quinolme group itself does not appear to exist m tJio piotoms, 
chlorophyll, etc ® 


^ Separation and Testa of Alkaloids \ TmxtuTO of those Is sopaiatcMl as fnilows 
I From Uio neutral or aolcl oqueons solation, otlier e\traotu du/iUdin, picroloj^in, and 
colchteinc, and from u Holukon of thoao the Urab and lost ore prooipLtntod by tannin 

IL From the alkaline aquooua Rolutloii, other oxtruots conunot nicoUvo, Itrumic, drlidnvint't 
ncaooiine, vcralnne, oirojATW, s/Ty/diHtnp, aeowttne, t/tumw, codeine, niul ]di]ffiosii{j7nMie 

III From the aUodUio aqueous solution, chloroform e^ctraote cinchoninTt c^jfewe, enrannt , 
morjdttne, solanine, and Uiaobromtne 

The separate ^keloids oan bo distlnguishocl by tho foUowlnfl colnrlmctrio testH, nrmiif^^d 
by Hager The colours oro roproBontecl shortly (as with tho coTonrliig mnttorH , kilt r) lut 
follow 0 = onuigo , J? ™ blue , Br => brown , I) => deooloidflod or oolourloHs , V -=> yellow , 
Or — grey , Bl = black , ^ rod , r rose , On = grecfti , V = vlolot , -|- = iutcjimj , 

— = weak The reagonte most commonly used oro 

(1) Erdniann'a reayenl to 20 drops of n solutiou containing 10 drops uf HNOq (h]) gr 1 IH 1) 
and 20 0 .G of water are added 40 o o of concentrated K,iS 04 One cubic ooutiniobii^ of tills 
liquid 1b poured on to 1 to 2 grmB. of tho dry allwloid and tho changes observed aftoi IH to 3U 
minutes 

(2) Erdhdt'a reage^xl 0 fi grm. sodium molybdate in 100 o o oono HhH ()4 

(8) Mandclxfi' 8 1 gim ammonium vanadate in 200 grras. HaS ()4 {inouohvdriito) 

(4) Marquia'e reagent a aalutiun of formalin bi sulphurio acid 
(0) Lafoik's reagent Biilphuno add solution of ammonium selenite 

^ Synthesis of ADsalolas and Medicine Even during the moFit roninto ages humnii boIngH 
sought remedies for their allraonts In the principles contained in various ploutH ainl aiiininlH. 
Galen (a d 181-200) studiod various raedialnes more rationally thou had Ixiou prtwlonalv done 
by Hippocrates (400 n a) 

Numerons raedioiuoa proposed by Qalen were used as soverolffn reme<UoH fur some contiirleH, 
until Indeed Farocolflus (1498-1641) gave a now direction to nieoloiiio by contesting tho thiMiry 
of Galen and of Avicenna end by founding iatrodiemiatri/, which had such a largo following in 
the Middle Ages, and which nltiiuately dogmiei’ated into the most fantastic sorcery (s^-a “ Tiisburv 
of Cheinlfltr^’ Voh T , p 14} ^ 

Modern chemistry alone could yield medloine reel support, by rigorous control of llio 
physiologloal end cliemlool aotlons of all the natural end arl^oial drugs. 

In tho post the curative properties of venous substances were cUsooverert by pure ehaimo , 
tills was tho case, for instance, w-ith antifobrln (acetanilide), whlc^ was adininlstored to a patient 
In mistake for naphthalene Kowada 3 rB, however, a rational proooduro Is followed, use being made 
either of analogy in ohemical constitution between the substance under oonsideratlon and ntliors 
of known actsou or of systematLo physiologioal tests, first on animals and afterwards on human 
beings. 

Until the hegumlog of the nineteenth century, the energies of ohenilsta were directed to the 
disoovery of the eotive and eesentlal pniioiples of those parts of plants suooossfuUy applied In 
medicine. When these were isolated m the pure state, attempts were made to earabUsli their 
ohenuoal struotures and, in some coses, to efTeot thslr manufacture synthetlully 

As early os 1806 SortOmor discoverod and Isolated morjdiine, the active principle of opium, 
end in 1821 PeUfitier and Gaventou discovered the alkaloids of olnoliona bark, which v ere studM 
In 1860 by Streoker with the object of Bsoortaining their nhArmpp-l constitution. The synth^H 
of these alkalmds was by no means on easy task, but in oases where they themselves have not 
been obtained by laboratory reactions, simple d^vatlves have been prepared, and these often 
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nxliibit Biinllor thempeufcla properLioa Thua Rynfchefllfl has filvon codeine (or mebhylmorplilno) 
and diomm (efchylmDrplilne)» wfiioli Jn many oases are exoellonb subatibutea for morphine, as thoy 
are soarooly it at all polwnoua Derivabivoa oi oooaino, snoh as euoaine (a derivative of 7 mobhoxy 
piperidine , Qor Paba 00,2Sfi and 07,672), and of quinine, suoh as BUMMitne (tto oarbetlioxy- 
dedvatlve of quinine, without the hittor ta^ of the mother substanoo), nave also been piepared 
Chemloal mvestlgabion not only gives new produota but leads to Improved manufacture and 
Qonseqiient oheapenlng of the old ones* Thus, qulnlnp, whloh 20 yeora ago cost £4^ per kilo, 
woa Bold before the war In a highly pure state for 82^4 Voab warks now bum out enormous 
quantities of aynthefdo drugs, althon^ these oro administered in doses of oentigra]^ t 
arUipyrhn6, disoovored by Knorr, was oonsumed to the extsf^t of hilndrodB of thousanda of kilos 
in the first few years during which injlwnta made its appearance 

Modem Indnsbrial condlfiona have rendered poasibte the development of a6roi}ierapf 
and great results ore now promised by oryanaih&rajm ot otoUh^fam* This Is based on tlw fflirly 
general phenomenon that m the dlfleranb oitona of a healtliy jCndlTOdaUabstanoea ore oontomlly 
produced capable of guarding them agaipafi ofE^tfons. this principle, Intmqo^ 

vaguely and oonfoswily by Browi^S^uam in ,Pra4oe was Jn IqOO brQogbt forwai^ 
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The work of Pictet and of EUinger has shown how these groups, occurring m 
the aUcaloidfl, may be derived from the transformation of the pyirole and indolo 
groups Ciainioian and Raveima (1911-1913) found that the production of 


with triumph by Baumann, who found that In many persons goitro is due to cloBeient aooretion 
of lodo products by the thyroid glands Vol I , p 102), and, having extracted tlio active 
iodine principle, thyroidin^ from the thyroid of healthy shoop, that this oonstitutcti a lapld niid 
effective cure for soltuo. For the treatment of otliei diseased organs, nuclrin^ 

etc , wero prepared from the oorrcsponding organs of healtliy animals 

Coed- tar derivativos Imve been employed for tlie synthesis, not only of artifl(ual alUalouls, 
ontipyrotlcs, and antiseptios, but also of an Important group of ancesUiritc or ht/pjiolir sulmtaiicoH 
willed have been of great servloe to medioine and espeoimly to Huraerv m roiideruig j^hikwH 
the most oomphoated opei'ations. At first, snbstaooes suoli as ether and chlorofunu wen^ ompluycil 
which -proda^^ffenerdtaruBaiheitta of the organism, but tho use of tlioso, on^ioulally of ulilorofonn, 
was attended by much inoonvonlenoo snd often by death of the patient Bulpiuirio other won 
recognised as on oiiaosthotio by Faraday os early os 1818, but it was nsod for tlio llrst tlnio by 
tho AmOTloan doctor, 0. \V Long, In 1R42 

Tlio onflosthotio Is oorrlod by the blood bito contact with tho nerve coutnw which iwrui'lvc 
producing a poisonmg and a paralysis wluch last for some time, bub at the aanio time Uiomu 
coiiti'cs which govern the action ut the heart and of respiration oi'e also afTouted, tliUH oaiiHing 
the dangers and (Uaturbaiioes acoompanymg gonorol amcathoaia Tlio nervous uuetoiU-h shirt 
from the periphery, from tho points Avhere the surgical operation begins, and are triinsmitttMl 
to the bnvm, which transforms tiiem into the sensation of pain, and it is precisely bv the iiilluoiu^ 
of tho anrosthetio on the oerebml centres that ^laln is avoided AnmatUosiA ocoaoh to bo UangcrouH 
when the paralysis Is effected on the peripheral nerve centres at tho boglunlng of tlio nurvnim 
currents, without, however, reaching tae brain Li tills way tho ideal of loral wuivtUififtta won 
arrived at, this being much more mtiomil and much less dangerous, ainuo by its luoans only the 
single oraau or region of the body to be operated on is rendered Inkmfllblo. 

To chlorofonn, elhent etc, were added, In. 1885, cocatnA, which paralysoR only tho suusitlvn 
peripheral nerves and does nob InJluenao the motor nerves. It oon now ho Indluatod wblcli 


speciHo atomic groupings In the molecules of anwsiheiics or hyjmoiics confer on tlicso their Hi>ociul 
properties 

Hypnotics melude those of (1) the chloral hydrate group, to whloli belong also ohloralamido 

CH (J B 

(ohloralformomide) and paraldehyde , (2) tho tert omvl alcohol class, "> 

oharaoterised by the presence of a hydroxyl and of a carbon atom unltal to tlirco alkyl grouiw, 
the action of these oompounds increasing wibli tho molecular weight, (3) tho Intermediate 
(ionitiol [tert. omylchloral, CClj OH(OHU^jIL , ) ] class , (4) the urethane dorivatlvcH, luLluclliig 
Judonnl [mehhylpropyloorbinol uretUano, NH, CO O CH(CIl0)(GflHT )] ; (5) a group <if oumpouiufi 
containing a a ^j le oaTbon^atom_^milt^ bo two alkyl groups and to two Bulpuonlo roflldues, 

fl g , inonalf q C*F*' or dlothylsulphonomebiiylotliylmothano) , 

(ti) a group studied by E ^ohei and oouaisting of urea derivatives, r nr , HHg CO NIC GO 
CH(CaHo)9 [dvst^ylaceiylurea) or, better, 

barbituric acid), which hears tho name of veroiwl (m pfc, 191° , it was proporoil by fil Fiscbc'T 
and J Mermg, patented by Messrs, Merck in 1003 and then made by Messrs. Jir Hayor, of 
Elberfeld) and serves to replace chloroform, boinp; free from the dangerous oonseipioiioofl of tho 
latter (provided that it is nob adomustered to patients witli weak IddnoyH) C'hango of tlio alkvl 


. to patients witli weak IddnoyH) Chan^ of the alkvl 
groups m veronal is accompanied by change in the proimrtioa thus, (llniothvll)aTbitnrio aclrl 
has no hypnotlD properties, dipropylbarbltUTlo acid is more effective than voronnJ, whllo 
dlbouzylbarbltoiio ooiu Is without oclioii, jxisaibly owing to its alight solubility 

Aooordiog to H Meyer and Overton, aU BUDstancoa capable of dissolving fats nro more nr 
less anecethetiQ, and oocording to Nlolouz (1900) the subatanae of the nervous system (HintohiH 


less anecethetiQ, and oocordinfl to Nlolouz (1900) the subatanae of the nervous system (HintohiH 
an abundance of ItpotdSf t e,, (u oompounds soluble in the same solvents os fats ana hoiico ('ajuiblo 
of fixing tho anaiBthethM (they may contain nitrogen and also phosphorus) Tims the quantity 
of amesthetlo fixed by the organism and hence ^ootlvo la dlrootly related to the (luantlby of 
lipoids present In the various ports of the b(xly It la also iutercating that structural Isoniorlam 
produces marked ohan^ in the physiologioal action, iropacocaine, for Itisbcmoo, hehig an 
oiuosthotlo, while beTuoyUrojnne acta os a mydnatLo 

Of tlie numeiuuB other anaastiietiofl, orthoform (methyl estor of m amlno-p hydroxyhonzoio 
ocic^, cUtmne, holocatn&j may be mentioned 

In order, however, that local aneosthesia may he effioaoious and lasting, It is neoossary to 
prevent the anrasthetio Inoonlated at a certain plaoo from being oorrlod away (resokted) by the 
blood, and this was at first attained 1^ oauslng the venous blood at that place to stagnate by 
preventing droulatlon The same end was reaohed later by intense local cooling proiiaoed by 
the rapid evaporation of ethyl or methyl chlonde* 

surgical operations (eg , In the thorax, etc ), adrenaltwi, 0*Ha(OH), GH(OH) 


CHa NH OHq, IB (3 the greatest use, as It produees oonsiderable oontrootlon oi the luood veeseJa 
without driving oil the blood from them, althoii^ it prevents fresh blood from arriving { tiie 
o^sbhetlo con thus be kept as long os is desired In Inoculated region The substitution 
of cocaine by etoimne (lesa poisonous; leads to partial spno# ancesihesta or medullary onoasthosia, 


GH{OH) 
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alkaloids m plants (c ^ , lu Datura and tobacco) may be mcreosed up to 30 per 
cent by mooulntmg tlie plants with pyridmo taiiirato, winch undergoes complete 
tiansformation into alkaloids Salicylic alcohol mjected into manse plants 
yields sabcui and in general cheuiicnl compounds moculated are found lu the 
plants, not m the fiee state, but convci'ted into glucosides Thus, the plant 
protects itself agauist the poisonous action of these substaiioeB by converting 
them into innocuous compounds Tliose observatioua explam wliy tlie powerful 
alkaloids pioduced in ccitam plants as waste pioducts of the decomposition of 
cnmjilex nitiogonoiis siibstauces exert no liarmfnl action on the plants, although 
in the free state they exercise serious etfects on the animal oigainsm, wliioli is not 
able to laimuiiise itself Inoculation of plants with non-iiitiogcnons substimoes 
may also inciease the formation of alkaloids, injection of gluooao mto tobacco 
lucroasing the amount of nicotine foimod by 40 p(\r cent 

CONIINE, CaHi7N, is foimd m liemlook {Gommi Eor its 

constitution and syntheses, see above 


NICOTINE, CioH| 4 N^, la a ntmiig dJaoLcl boso wliioh, iii oo mill nation with inolio and 
uibriu ouldfi, furinH tho pumoiioiia alkaloid of tiobaooo It la an nil Ijollhi^ at 247*^ and puBsoas 
itig a vory stiong odour , it is aoliiblo m wator, alooliol, or other, and tniiis brown m tho air 
When oxidisod by ponnan^nato It fomia ulootiino ooid, and ns fnillier it uoutaiiiH also a 
pyrrolidino group, its ooiiatltutlou la roproauiitod os followa 

yCH=.OHv yCHa CHg 

ch/ I 


Syntliotioolly it is obtained from ^-amitinpyndino wliioh is ooiivorted into ibi lunoio 
aoid salt, and thou pasaus through tlio following atogos 


<;■ 


.OH OH 


N /M*yr1ilyliiymilo 




CH CH 


NH ()H 


< J>-< 

\ -/ \n(0. 


OH 


a p Pyrlilj Ipyrrolo 


Nleotiiio 


^(OHs) OH 


Nlrufcyrliifi 


I’raotioally it 1 h propaixstl from ordinal y tobaooo ox trout, by dllutliig, londoilng strongly 
alkalluo with NaOH, and oxtiautlng witli othei From tlio othoiml aulutlon, tho alkaloid 
IB uxtroutod by Hhaklug with dllnto Bulphnrlo oold and deoautlng oil the oeid aolutlon Tho 
latti^r IS ELgaln inado Htrfiugly alkallno and shaken with ether, and tho othei'oal aolution 
dehydrated by moans of anlld NaOK Tho other is then distilled ofT and tho remaining 
niootmo diutUIud in a Htn^am of hydrogen 

It is a voiy poworfnl poison and la used niedioinally to oouiitoraot nervous irregularity 


which now pomiltH tho most dlfHoult aurgloal oparationa on the abdominal organs and even 
renders possible painless childbirth 

Adrenaline 01 /HtprarpoiTifl, OH ^ NoH{()H) • OH, NH OH,, was extracted Irom 

OH "■ 

the suprarenal gland in 1001 by Takamine Synthetically it may be prepared In vanons 
ways, e g , troatment of ohlorooetocateohol (from catechol and ohlortMCtio oold) with excess of 
mothylamiuo gives jnnthylaralnoaoetooatoonol (adr^naloM), and reduction of the latter forms 
racemic odi'onalbio, which is lose active than tiio natarol Jmvo rotatory oomponnd, separation 
of the optical aiitlimdes is effected by preparing the d-tortrato, the salt of the lecvo bow being 
only sllglitly solublo m methyl alcohol Nagal(1910) treats dlaoebylprobooateohualdehyde with 
nitronietliano (1 mol) In preRenoe of a weak alkali j the aiaoetoxypheuylnltroethanol, 
0«H,(0 < CHaCO), OH(OH) OH, NHjp formed being oiyBtalhBed.wflahfid With ether, and treated 
with zinc and aoetio aoid in presence of iormaldeh;||^ SlmMtanMUs teduOtlon and methylAlien 
then occur, giving diooetyladrenaline The adne is removea as sulphide, and hydrolyse of the 
diaoe^l oompound efleoted by means of bydroohloih) oold. 
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of the heart and is employed m agrioulturej as toboooo extract, to kill insoots ^ Impure 
76 per cent nicotine OMrti before the war 148 j per kilo, and the pure product 184fl The 
TiVmnh and Italian Govermnents place at the diapoBal of agrioultuTiats ldb<uxo extraci (2 to 
10 per cent of nlootme) at about 2a 6d per kilo (pre-war) 

^ Tobacco Ifi a horbaceous plant, originally an aminal but now Bometimes a biennial, of tlic 
order Solonaoeoo (NxcoUa/na taba/oum)^ which. moludoB about fifty Bpeoics and Bub bimhiIob of 
.^ei’ioan origin, c p , tlie Virginia tobacco plant {NxcoUaiha foAooiiTO, hcjb Fig 400), tlio Maryland 
largo leaved tobacco {N laUasnna, N niatira, N auffnitioosa, oto ) TIiobo grow well in vanniiB 
oountnee, ob is shown by tlie following Table, giving the moon production of raw tubmtou a fuw 
years ago (the Ognres given aro tons) 





Kx^Kirta 




1 i.nun 

lU.lHH) 

11,000 

n.ouo 


’a) D.niH) 
p) G.UUU 


Italy imported before the war about 2000 tons of tobacco loaf (about £1,080,000) and exported 
manufoc tilled tobacco to the value of about £200,000 

The world’s pro war production of raw tobacco varied from 900,000 to 1,000,000 tons, of the 
value of £^,000,000 to £50,000,000 The price was about £32 to £40 x>or ton for the ordinary 

Quahty and £120 to £100 for tlio llnor qualLtioa 
(Manila, Havana, Sumatra) 

Ordinary tobaoco plautB arc only Bliglitly branched 



and have a height of about 1 metre, aitliough hodio 
exceed IJ metro. They aie studded with sticky hairs, 
alhd the leaves are wide onrl oval ur, somotlmos, long 
and narrow, oa with Ohineae tobacco {N ohincnaiA) 
The flowoTB are m olostera and rosomblo tlioHo of 
potatou, but aro imuolly AohIi rod Tlie cultivation 
of tobacco requires a good soil rich in humus, and 
the oUmate, soil, and mode of growing exert a con 
Bldorablo Inhuonoe on the nuollty of the tobacco Q'lio 
readinoBS with which a tobacco burns In the form of 
cigars depends on tho potash content of the plant, 
wnile ohlondos liindor the combustion Ou this 
account fertniaation wltli sfablo manurei sewage, or 
X>otasalum ohlorido la avoidod, preference being given 
to potassium or ammonium sulphate mixed wltli a little 
Thomaa slag and stable manure Tho young plants 
from tlie toroing house are planted out in about 
March, and at the begmiiing of July tlie dry and dirty 
loaves near the soil ore detaohed, together vdth the 
useloBa branches and tho flowers, Tlie other, usefnl 
leaves ore then removed as they begin to yellow and 
aro dried on strinra or In steam drying ovens, and arc 
then sorted and in bundles* 

In January the leaves are placed In heaps bo ns 
to mduoe fcrmentatloii, which renders them brown 
and ^ves them flavour 

The leaves arrive at the factory in cloth bales* 
They aro flrst sorted into kinds suitable lor dlfCorent 
types of tobacco and ore then beaW ‘to'lremoTe sand 


Fra 4fl6 


It, to facilitate tho sub^uont operations and to 
prevent putrid fermentatloii* In state It is somo* 
tunes placed in tepid apartmenta to Initiate a second 


r 
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ATROPINE, Cj^HagOgN, w the alkaloid of the liemoe of Atro]}a bellcuUnina (deadly 
mglitaliado) cuul of the fruit of DtUnra a^minonium (thorn apple) In dilute aolutioii it la 
used aa a niydnatio (euhu-ging tlie pupil of tho eye) oud oa an aiiolgeaio (relieving pain) 
It ifl somewhat poisonous and molts at 116 6® Aa tho pKKluota of tho decomposition of 
alropmo in vanous 'waya oompriso heptamothyleiie denvativos, substituted pyrrohdinefl 
and pii)ondiiu*a, troplne, NpHHiaO, and tropic acid [CgH^Og, or a-phenyl-zQ-hydi-oxypro- 
pioiiio aoid, OH OHa CJH(OoHg) COaHJi atropine is rpgardod os ati estei, a tropatu of 
tfojnns, tho stnioture of tho latter (whioli has also been propni'cd synihoUcally) being, 

OHfl— CH OHb (a) 

I I 

N OH3 OH OH (m pt 02° , b -jit. 220") 

I I 

CH,— CH OH, (tt) 

Hyoacyamine, Htorooisomorio with atropine, molts at 100° 

Troplno, formed by tlio splitting of atioplno wtli barium hydroxide, is a tertiary base 
oontaiiung a soooiidary aluuliolio group and is tliei-oforo known also os lr() 2 )(tn 6 l Wlion 
ozldlaod with ohromio acid, It fonus iii'st a ketone, tropinone, OhHiqON, and then tropinlc 
acid, CHgN G4Ho(OOaH)(CHa COaTT), owing to tlio ruptmxj of tlio piperidine ring With 


fermentation, wliioh rollnos tlio milder qualities , In some oobob tills end Is attain od by wnshlug 
with dilute Boliitioiifl of saltfl, alkali, or aoid, or, more rarely, by toirofyliig at 00° to 70° 

The host Havour and omma ore obtained, however, by ounng, » e , by inimersiug tlie loaf m 
on aqueous solution of aaeulianuo BubntanueB, various drugs, mUx), ooluuriiig matters, oromatU^ 
Bubstonoes, alooliol, etc (each inanufooturor has his partioiilor inotliod of ourlng) , the drained 
or uressed loaves ore then left in lioaps for a longer or shorter time mitil they are uniformly 
soaked 

By suitable maoliluos tlio rliia of tho loaves are either out or beaten olT and tho out leaves 
thou dried by heating in revolving metal dtums , the dried loaves ore rapidly cooled lu a ourrent 
of air, oto The Bubsoquenb nporatlous for the preparation of oigfvrs, oigorettes, out tobooao foi 
pipes, or snaiT are moroly inoenaulool and need not be desorlbod here. 

Mention may, liowover, be mode of roeont attempts to dimiiiisli the harmful eifouts of tobaoeo, 
which is unw smokod lu every country In tho world It Hoems that when tho Spaniards Invaded 
Amorloa, tho use of tobacco was already known ui tliat uouutry, and they not only extended Its 
use there but mtrodueed It into Europe (by tho Th6vot brothers In 15171, oroUBing grave appre- 
liension owlqj; to a statoment by the medioal men that lb was highly i^urlous to health lu 
1613 Tear Miohaol Foderowitz prohibited its use in his territory under penalty of doatli or of 
the outtlug oS of the nose. Jomos I of England published In 1(511) a deoroo forbiddma the use 
of toboooo and dosorlbing smuklDg os a “ habit disgusting to the sight, nauBeatiuc to me BmoU, 
dangerous to tho brain, luirmful to tlie heart, and spreading aiouml tlie smoker ropugnaub 
oxh^tions '* In 1660 the Senate of Bonio punished the uso of mbaouo llko robbery or hoimolde, 
and In 1623 Amnrat IV ^hibitod Its uso by tlie Turks in order that they might nut hoooma 
liitoxlcatod or infertile To human nature, liowover, tlie foibldden fruit is tho moat desired, 
and, being iiselGSB, is none tho leas neoeasEkry The employment of tobacco spread rapidly 
overywhoro, and many Rtates, to limit its oouBumpblon, impo&od onormoua taxes on tobaoeo, 
and ended by making ft a Government monowly and thus deriving a voat income to tlie Treasury 

Since then no Goveonunenb lias oeouploa It^ wltli the lioalbn of Ite subjects, the only oare 
bemg the enlargement of the Exuhequor In Italy, after tlie partnership between the Government 
and a private eompany from 1808 to 1883, tlio tii^ In toba^ booame a monopoly of the State, 
which derived from it a net annual income of alnmt £7,060,000 (pre-war , in 1020 for more) 

The mean yearly pre-war ootuunmtion of tobocoo per head was oa foUows t North 
America, 3 1 kilos , Notherlonds, 2 6 , Belgium, 2 8 , Switzerland, 2 3 ; Germany, 1*6 , AuBtrlo- 
Hungory, 1 0 , Sweden, 1 2 , Russia, 0 9 , Servlo, 0 8 j Ifronue, 0 8 , England, 0 7 , Italy, 0 0 ; 
Roumania, 0 2 j Denmark, 0 1 j JOInlond, 0 1 


The hann caused by tobaoeo is due espooially to the nlootlne, to which non becomes 
oooustomod without serious inconvenlenoe, in the some way os to ohauge of climate, food, drmk, 
or other conditions Attempts have been mode in recent years to renaer toboooo less Injunous 
by extraotlon of tho nicotine witii one of a number of solvents, but su^ treatment re^ta in 
tho removal of the oromatio substancM of the tobaoeo (aaa alao Ger Fats 178,062, 167,169, 
and 212,410 of 1008) 

Better results are obtained by filtering the ranoke through fibres or textile materials before 
it Tdoohee the month Q^ua the Thoms process (Qer. Pat. 146)727), which has proved very 
satisfactory, oonslstB in arranging in the mouthpiece of pipe a ajaall plug of cotton wo(fi 
Impregnate with ammonlaoiu fenio chloride or ferrous sulphate t^s retaining all the buining 
ethereal oils, the hydrogen sulphide, a oonsidefable propcarMo^ of tim hydrooyaxilo odd, 
almost oU the niflot^ and its baslo derivatives in^ the ^olfe. j ^*QatW the raw tobaoeo w^th 
ozone has also been employed with tht view of faibl|ffaagi& the of the :^o6tg^Q/ 

moreosing the oombnatlblHiy, and improving the quiliiy ^ The oToma. of tobacco is al^ fnwiwM 
by the addition ai amoU quantities df meth^l&gcnDl and methyllsdCugenoL ^ \ ^ | ^ f 

. » ' i 1 ^ 'j 
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oonoentrated HQ, Iropme forms tropidine (or iropcne)^ CgHjaN, which la obtouiod also by 
ehminatioiL of COq from anhydrooogonino and forms aa oily base, b pt 1 02^ 

OTHER ALKALOIDS are Veratrlne (c^ivadint), CsjHaoOsN, found m Vercdrum album , 
Spaxteme, OisHesNa, found in Sparticni'm. acopar%um , Sinapine, C^oHgBOflN, fomid in tho 
seeds of w^to mufitord and derived from oholine and from sinapic acid (di 7 nclIiyUr\ 
hydroxyoxnnainic ooid), OjiHjaOa , Hydrastine, CgjHaiOflN, obtained from the roots of 
Hydrasiia canadensis, bos similar properties to the alkaloid from Secale convuium and 
gives hydrastinine, CiiHuOaNiHaO, on oxidatiom 

MORPHINE, The latex of the capsule of Papaver sonmifenim when con- 

densed forms opium, which, along with various other compounds (flee below), ountiuiis 
Qonalderable quantities of morphine (about 10 per cent ) Morphme, melting and dooomiioa- 
mg at 230°, is sliglitly soluble m water and odourless, and poBsessea narcotic and aiiaJgoaio 
propcrtiM, being used m medldne as hydroohlonde, OiyHioOaNjHCl^SHaO It is a toitiaiy 
base with phenoho charaoters and, when distlUod in presence of zmo dust, gives pyiidmc, 
pyrrole, quinoline, and phenontbroue. 

Morphme is extracted from opium by moons of wator, the evaporated aqueous extract 
being treated with sodium carbonate to precipitate all the alkaloids (about twcuty) of tho 
opium , after 24 houis the preolpitato is washed with water and then with olouliol, whicli 
removes the roams and all the alkaloids excepting nearly the whole of tho moiphine TJio 
orude moiphine remamlng is dissolved In aoetio aoid (which leaves bolimd tho norontiiio 
unpuntios), the solutiou filtered through animal charcoal, and tho moiphino Jiboiatod by 
means of ammomo, ^vaahed with cold water and dned It Is obtomod hi a purer form by 
repeatedly boding its alcohoho solution with animal charcoal luid redystolllsing 

The action of opium on the human oiganlsm is anelogouB to that of otlior stiipofyuig 
agents, bouig intermediate to that of aloohol, ether, oto , and that of oocolue Tho smoking 
of opium, eithar alone or together with tobacco, is a habit which has boon long rooted In 
oortain oountrieB, especially Chnia. 

The action of opium is due to tho presence of a number of alkaloids, which aro divided 
by A, Pictet into 

(1) The Morphme Group, moludmg 


Morphine, Ci7Hi70N(0H)b 
Paeudomorphine, [Cx7HiflON(OH)a]a 
(2) The Papaverine Group, oompnafng mauily 
mild physiologioal action 

Papavenne, CiflHjN(OCH5)4 
Laiidanidine, Oi 7 H|BN(OH)(OCH 3 )fl 
Oodamine, Ci8Hi80N(0H)(0CHa)a 
Narcaiine, CiBHi4O4N(0CHB)a 
Pr<^ine, CioHiflOBN 
Triiopine, (OjiH|,OoN)aO 
Papaveramine, Ogi h«0,n 
Sanialine, CbtHqqOj 
LaiUopine, 


Coimna, Ci7H„ON(OH)(OCHn) 
Thebatne, Oi7HiBON(OCHo)a 
ifloquinohno derivatives, which have a 

Lcmdamine, Oi7HiflN(OH)(OCH3)o 
La/udanoaine, 

Cryptopine, OioHi,Oi|N(OCHo)|, 
Oxynarcotxne, OibHuOjN{OCH3)3 
Naroems, C2oHibO,N(OCH,), 
Meeomdme, 

Onoacopine, OmHoaO^N 
Hydrocotamine, CnHiaOflN(OCH3) 
Berhenne, OaoHi704N 


Opium oontams also Meconic Acid, O7H4O7, m oomblnatioii with various alkaloids, and 
further wax, proteins, ooontohouo, peotlo and gummy raattora, lootio and aulpliuno 
acids, ammonium salts, eto 

Good opium oontams 8 to 24 per cent of watisr, 3 5 to 6 per cent of ash, 45 per ooiii 
of aqueous extract, 9 to 16 per cent, of moiphlne, about 5 per cent, of narootbie, 0 8 per 
cent, of papaverme, 0 4 per oent of thebaine, 0 3 per cent of codeine, and 0 2 per cent of 
naroelne* 

The pre-war price of good opium was 28fl to 32fl. per kilo, pure oryatalHno morphine 
oostmg £24 and its hydroohlonde £18 per kdo In 1906 Germany imported 68 tons of 
opium of the value of £80,000 China imported 2600 tons in 1908, about 2600 in 1900, and 
nearly 2000 in 1910 In 1010 Great Britain imported about 220 tons of opium and in 1011 
exported 22 tons. The United States imported 300 tons m 1911 

COCAINE, OijHjiOiN, is obtained, together with other alkaloids (Clnnainylcocalne, 
Clnnamylecgoiune, a-Tnnalllne, Hygrlne, eta), from the leaves of a smell shrub {Ery- 
ihroxylon coca) which grows abundantly m Peru, Bohvio, Oolombio, Brazil, and Argentine 
and is now oultiyated also in Ceylon and Java. Peru and Bolivia alone produoe annually 



QUININE 


ni 


about 16,000 toUfl of dry coca l^vts oontainmg 0 6 to 2 0 per oonti of Various alkoloidsi 
inoluduig 0 2 to 0 8 per cent of ooooiao. The leaves ore mostly uaod by the natives, Tvho 
okow them, and are jiartly treated on the spot for preparing orudo oooame ooDtouilng 80 to 
00 poi oeiit of oocaJiio and 10 to 12 per cent of other alkaloids, tins being inoikotod at 
HrurLburg and London Before the ^var the dry leaves were sold in London at about £4 
per owt 

Not only oooomo, but also the other alkaloids aooompanying it in oooa leaves, are 
donvod from a single base ncgonvM 

Pure oooame, in pt. 08®, is leovo rotatory and lias an analgesic action , it is used in 
opthflJmology and surgery to effect local onajatheeia, and Is employed by dnig-takers 
O'wlng to its stupefying action. 

Strong acids m the hot decompose it mto methyl alcohol, benzoic acid njid ecdonxiie^ 
^9^18^8^ (Loason, 1806), ■which Is the a-oarhoxyl denvativo of tropino (ace o&oufi), and, os 
■with methyl alcohol and bouzoio acid it gives cooame again, the lattei must contain the 


groups 

oomplloated one) of oooaino. 
CHj— CH OH COjOH, 

N OH, 


CH,— OH- 


OH OOjOeH 
■ilHj, 


oonfbmiation of this is given by the synthesis (rather a 
The constitution of cocaine is as follows (WiUsWltter, 1808) j 

5 , the oharootenstio group (a'lvm^esuiphaTB) is the benzoyl 


residue, while elimination of the methyl group united to the nitrogen atom or of the OO^jCHj 
group scarcely affects the anossthetio properties. On the other hand, almost oil the amino- 
hydroxybenzoio estora are mM local aiiOBsthehcs (Elnhom and Heinz, 1807), c g , ancBaikesin 
or ethyl p anuuobenzoate, NH^ C0H4 COaOeHi; Tlie amnsthetic oharaotera of thoso anb- 
stances are intensiflod if, in place of NHg, N(CHg)a groupa are present, preferably joined "to 
other methyl groups This is the case, for instance, in 


N(CHb)j, 


and 


Btovaino 


C.H, 



Alyptne 


N(OHa), 

N(0H3). 


prepared by Mrasrs, Bayer in 1005 Both of these are less poiaonoas than oocaino, but havo 
not its property of contracting tlie blood voasela They are therefore mixed with adrefnaltnet 
which shows this property m a marked degree and also diminiBhos the toxloity of oortaiu 
alkaloids, especially of cocaine 

The pnoe of cocaine was about £800 per kdo prior to 1886, £140 in 1887, £22 in 1000, 
and £12 in 1013 During and after the ■vmr the price rose enormously Owing to the higli 
price of oocaino, many anbstitutes have been prepared , of these a few luive boon success 
fully used, such as p eucavnA (trimethyl y oxypipeildme 0 benzoate) , AoZoca^Tic, obioiued 
by condensing phenaoetm with p pheuetidmo (In spite of Its look of the benzoyl anooablio- 
slophoro group) , acovuvc (di p anlsyliP phenotylguanidme), etc 

HYGRINE, obtained from coca leaves, has the constitution — 


CaH, 



NARCOTINE, oxlats to tho extent of 0 per cent in opfum, melts at 120®, 

and is a slightly polaonoua, weak, tertiary base containing threo mofclioxyl groups When 
hydrolysed, narcotine gives meconlc anhydride, O10H1DO4, and cotarnlne, 
which IS a derivative of isoquinoUne {see laier)y and ■with bromine gives dibromopyrldine. 

STRYCHNINE, C^^HigOgNg, la present, wilii brucine, C9aHsg04N2, and curarlne, in the 
seeds of Sirychnos nux vomioa They are very powerful poisona, which, even in smell doses, 
cause death, aceomponied by tetanic musoulsr oontoraiona , ciuariue is used as on anti 
dote to the other two alkaloids Stryohmne melts at 206®, and is a mono-aoid tortioiy 
base slightly soluble iu water , it gives Indole and quinoline -when fused with potash and 
P pioohne on distillation -with lime. 

QUININE, CsQH240gNB The hark of various species of olnohona has yielded, up to 
the present, twenty four alkaloids, the most important being quinine and cinchonine, 
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both, of theee possessing m different degrees fobrjfugio properties TJic othor 
alkaloids in o ln do HydroqulninCi OaoHioOgNa , Cinchonidine, CigE^ONa , Hydroclnchonidinei 
Gig!Hj 40 N 3 , Quinldlne, CgoHMOaNgi etc 

Quinme os Imo rotatory, slightly soluble in water and odourless and has an intensely 
bitter taate , it melts at 177°, or, when orystaUised with SH^O, at 67° It is a di ooid base, 
oontairung two tertiary nitrogen atoms capable of salt-fonnation with two equivaJonts of 
aoid, then often giving aqueous solutions showing blue fluoresoenoe oharaotcnstio of quinine 
It oontoinB a hydroxyl and a methoxyl group, and its constitutional formula, although not 
completely eetabbsh^ must consist of two oyollo systems, NCiqHi 5 (OH) - NOqHb OOHg, 
the hrst bemg somewhat analogouB to tropme {aee above) and tlie second ropresentmg 
6-mQthoxyquinoIuio, which can bo obtained by fusing quuuno with potash After pro- 
tracted investigation, W Kflnigs (1906-1907) arrivod at tlio following iirobablo atiuoturea 
for oinohonme and quinine 


CHg- 

I 

GH 0 

/Nv/X 

HO 0 CH 


HC 0 

vx./ 

CH N 


OH 


OH. 


OH 


CH.O 0 


HO 0 6: 

\/X/ 

OH N 


/l\ 

-(OH)G OHgGHa 


oHjI 


OH CH CH» 


\l/ 

OH 


Olnoboalna 

N 

/1\ 

(0H)0 OHgOHa 

^ OHj 


HaO I CH CH CHa 


OH 


Qiilnlno 


Rabe (1000-1007), liowevoi, proposed foi oinohonme the fonnula 


CHa - CH— OH— OH 



CHa 


which is in harmony with the Beckmann oxime reaction 

Omdatlon of quinine gives, among other products, Qulnic acid, CbH8N(OOHb) 00|H 
To oombat fever, espeoMy malaiml fever, uae is mad® of the normal milphale of gw»ntne, 
{OjoH,jO,Na)„HtS 04 , 8 H ,0 (from alcohol it orystaJllaea -with 2HgO), or of gutftine hydro 
dilonde, OgoHjiOjNj,HGI,2HjO, which Is for more readily soluble m water 

Qmnlne biaulphate or aoid snlphate contains 1 moL of quinine per 1 moL of sulnhuric 
acid. ^ 

Quinine is extracted from the Andy ground baxk by mixing it with Ibne and extracting 
!nth hot mineml oila (paraffin oil, etc.) of high boiling point Srom this solution the 
iJkalold Is obtamed by shakliig with dilute sulphuno add, neutraJlsation of the acid solution 
with sodium carbonate in the hot resulting in the oiystaUlBation of most of the quinme 
is sulphate from the ooM solution, the other aliaJoida remaining dissolved. From the 
lulphate the quinine is liberated by means of ammonia.^ 

1 Since quinine aM its true salta are very bitter, attempts have been made to 
utter oompounda In 1800 taBteleas eugunitnot or quimne elhyl carbonate. 
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Tlio imrifioatioii of quiiuue is not easy and is somotimes cfTootod by preLipitaUng it 
from solution os tartrate by addition of Roolielle salt 

STATISTICS B(3fore the war qiuniiio bisulphato cost about 28s per kilo, tlio sul- 
phate 32s , and the hydroolilondo Tlie world’s output of ouiohoua baik was 12,000 
tons in 1010 ^ 

fi QUINOLINE AND ITS DERIVATilVES 

Quinoluie and pyridine are related m the eame way as naphthalene and 
benzene 


QUINOLINE, CBH7N, ^ c , 


HC 


•r TT 




I n T 


^ ifl 


L D JcK 

or 







, IS a 


highly lefracytive, coloiirleBa hqmd of peoiihor odoiu and ib found in bone tar 
and also in coal-tar, but is now prepared in the pure state by Skraup’s synthoHis 

It IS sbghtly soluble m water, has the sp gr 1 1081 at 0 °, boila at 230° 
and functions as a tertiary base (the nitrogen not being combi ned with nitrogen) 
With acids it forms salts, eg , the biohioniate (CBH^NlaHaOraO, 

Its constitution is deduced from the following synthesos 

( 1 ) By the mteraotion of allylanilme and PbOg at a red heat 

H OHjj 

'Vh /\/\ 

+ 0, = 2HaO + 

^ fiNH “ 

(2) Skraup obtamed it by heating anilmo with glycerol, sidphuno acid, 
md nitrobenzene , in this way aorolem is formed, which then gives acrolein- 
aniline, O 0 H 5 N* OH OH OH 2 The mtrobenzene acts purely as on oxidising 
igent and majr be replaced by AsaO^ Morgosches (1904) suggested the replaco- 
nent of the nitrobenzene by rare oxides of the oeiium group 

(3) o-Nitrooumamaldehyde on reduction gives o-animoomnam aldehyde, 
vhioh loses 1 mol HgO and yields quinoline, the fact that the latter is nn ortho- 
lerivative of benzene bemg thus proved 

OH 




M -H,0 = 


When qumolme is oxidised, the benzene nucleus is attacked first, witli 

/NaooH 



ormation of a dibasic quinolinic acid, 




'COOH 


, which gives pyndme. 


OoHB)OOq, waa plEwod on the market (Zimmer, Qer Pata 01,870 and 118,362), and m 1902, 
riatomiinlne (ofwtooA*n), or quinine oarbonato, (OqpH,-ONi),OOfl (Bayer and Ziimnoi, Gor 
'at. 105,600, 1808) It was olaimed that 2 erma oi eltner of these produota has tlio olTeot of 
grm of qnmlne. Bloinelll (1914) showed, ]^wever, that tliey aa'e not salts of oorbonlo oold, 
hat truo quinine oad)onate Is very bitter, that their aotiou on the oiffoniam is alight 
jid dow oompared with that of quinine, that euq^uinlne is et^l qumlneoarboxylate, 
IgoHigOgNi dOOO|H|, and aristoohm, oaxbonylqumme, w ■■9 

^ At one tune oJnohona was oultlvated eztcyiuvely in Oeylon, bu^ owing to over produobion 
a 1686 and oonsequent lowering of piioes, it was abandoned and replaced by rubber In Southern 
ndm, however, the industry moreased, 1060 tons of the bark being exported in 1914, and nearly 
00 tons m 1610 In Java the production oommenoed in 1679, 8000 of bark being exported 
a 1860, 0600 tons m 1010, and about 10,600 tons in 1915 
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when diBtilled with Lmie 


Hence, as was suggested long ago by Korner, 


Y 

quinoline csontaonfl a benzene and also a pviidme nudeus It is aualogous 
to naphthalene, one a-CH group being replaced by a nitrogen atom That tlie 
Imkin^s m quinoline are, at least in part, olefinic double bonds is shown by tlie 
behaTuour of this compound to ozone 

Quinoline forms many isomeric derivatives, seven monosubstitutod, twenty- 
one diflubstituted, and still more tnsubstituted compounds being possible 

The positions of the replaceable hydrogen atoms are mdicated by numbera 
or by the letters a, and y for the pyridine nucleus and o, m, p, a (ortlio-, 
meta-, para-, ara-) for the benzene nucleus 

The constitution of quinoline derivatives con be detormmed by means of 
the general synthesis of Skraup, vanously substituted auilmes with the siib- 
stituenba m the benzene nucleus being used , or often by oxidation, wluoh 
usually attacks the benzene nucleus and not the pyndine nucleus, so tliat it is 
easily ascertamed whether the substituent is m the one or tlie other nuoleua 


The mdpTio-acida (or flulphomo ooidfl) of qumolmo, when fused witli KOH, givo hydroxy- 
gu.\ndl\nea, and these, on being heated with KON, fonn {^anoquxn^xnss, which are coiivoi tod 
by hydrolysis into tlie corresponding guin^olineoarhoaiylic ac^ds — those containing tho 
oaiboxyl m tho benzene nuoleufl oro called quxndxn^mzocarhoxyhc aoxda Oxidation of 
omohonlne gives oiwJumio cuixd, COaH (m -pt 264®), which is quiiwlxm y carboxylto 

acxdf and from this is derived guxnxo ac/td (see above), CeH6N(OCHg) CO|H (p y), ooii- 
Bistmg of yellow pnems mdtmg at 280° When oarldmo is oxidised it yiolds quxnolxne- 
a p-dicatioxyhc acxd or axndxo acid. 


Carbofltyril is 2 hydroxyquinoline, 



and bos tlie oiiaraotor of tlio phenols, 


dissolving m alkali and being rapreoipltated by COj, eto. 

\Vlien qidnohne is reduced with nascent hydrogem, this umtoa with tlie mtrogonatod 


nuolons, forming tetrahydroquinollne, OgHuN, or 


Ha 

fT" 


NH 




which bohavos as a 


Bocondary aromatio amme ONH). 

If the reduction Is pushed further, the hydrogen la added also to tho bofizeno nuolous, 
fomung decahydroquxnohne, O 0 H 17 N, which behaves like on aromatio amino. 

Qulnaldlne or a-methylqulnoUne, OioHqN, is found m ooal tor and bolls at 240® , with 
phthaho anhydride it gives a flue oolounng-matter, quinoline yellow, OioH 7 N(CO)aCaH 4 

When quluolme is heated with metoUio sodium it gives dxqutnolyl, GoHflN CqHoN, 
analogous to dipyndyl and diphenyl Polymensatioa of quinoline yiol^ dxquxnolxne, 
(CoH 7 N)i, arystolbsing m yelbw needles 

METHOXYQUINOLINE, CgH^N OCHa, corresponding with aoisole, resembles 
quinoluiB, fijnong its denva^vea are the antipyietio, thalllne, OgHioN OOHa, and 
analgen (0 ethoxy-a-bonzoylamlnoqmnoline) 


ISOQUINOLINE, CbHtN or 



• la a ooburleas liquid boiling at 237®, 


melting at 21 ® and forming a abghtly solubb sulphate. 
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It ifl obtained froin tar and also synthetically by lieatmg tlie aramomuin salt of homo 
phtlmlio ooid 

< IHa COONH 4 yCH^ CO 

= 2 HaO + NHg + CsHZ I , 
lOONH^ NjO NH 

CClfl HomopljUinllinldo 

I , and cUnunatiou of 2HCS1 from this yields 
Cla NH 

/\/\ci 

, I 0 ., diohloroiBoqumobne. 

\A> 

Cl 


Whon oxidlBod it gives phthaho ooid and cinchomeronlc acid, CQHoN(COBH)g (a pyndiuo 
derivative) 

Since it does not fix ozone, It must bo osanmed, contrary to the fonnor view, that it docs 
not contain olofinio double linkings, but tliat oontrlo bonds are probably present In both 
nuclei (Molmori, 1007) 

Other condensed nuclei, abnilar to quiuohue, are as follow 

0 


yO OH 

CHROMONE, OoH 4 ^ || , of wluch the jd methyl-denvative, 

Njo CH 




iC CH,, 


CH 


HL pt 71®, IB well known. CO 

yO C C„H, 

FLAVONE, the phonyl denvative of o/ira»u> 7 M, II t inolts at 07®, and 

\C0 OH 


occurs os hydroxy dorivativea m many gluoosidos, to which it imparts the yellow coloration, 
Thus it ocours m ([uercettn (oi flamn), which is a pentahydroxydaveno, wldle with isodulcitol 
it forms the gluooaido querdtrln, OsiHgaOia, obtained from tea, hops, and the bark of 
Quercus tinotoria (morin is on isomendo of quoroetm, and is found m Maclura Unctona) 
Chrysln, OibHiqO^, Is a dihydroxyfiavono found in poplar buds , Luteolin, CiBHiQOa,2HaO, 
is a totrohydxoxyfiavoiie, and forms tho colouring matter of Reseda hUeokit while apigeniin 
is a gluooaido of tnhydroxyflavone, and is found In paisley and celery 

Of tho many oondonBed oyoho groups, the following, wbloh ooutam a bonzono nucleus 
and also a furfuran, thiophen or pyrrole nucleus, and are obtained by vaxions syutlioaca, 
may be mentioned 


3 |^ f 

\/\/' 
1 0 
CgHgO 

Coumorono or 
llonxoliirfumn 


4 

a/\ 




1 s 

OsH^ 


nonRoUiloplKm or 
TlUoiuipliUiono 


;/V 




1 NH 


OflH,N 
Indolo or 
noniopyirolQ 


8 

2 


4 6 


10 8 


4 6 

s/N, /\ 



0 


/N 




CigHgO 

Dljdionyleiie oxldo or 
blbonxofnrfiiran 


CaiHgS 

mplienylone sulphide 
or Dlboniofahlophoii 


C„H,N 

Dlphonylon el mino, 
nJboTunroyirole, 
or Ooroosolo 


Of all these groups numerous hologenated, aoid, oloohoUo, ethereal denvatlves, elo 
are known. 

COUMARONE is a bquid, b pt 177®, is obtained synthetioally, and also, together with 
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vanouB methyloouinaronea, from ooaJ-tar Corioentratocl sulplmno p()lvmoriH(*H li t<i 
ooumarone resin, wluoh, on dry distillation, yields ooujiiarouo and pluMiol with parLiiil 
ohamng At 200°, alooholio potash opens the smaller miolons, vanoiis iimdiu ts l» mg 
formed. It readily unites with two halogen atoms a-Broino(jouiutirono loaos hrondno und 
yields o-rntroeoumarone, im pt 134°, when treated with N3O3 
BENZOTHIOPHEN, m. pt 32°, b pt. 221°, ooours iii ligiiit(^ tar 
Of numerous dyestufEs formed by the oondensatioii of hotorooyaUo groups, nuidion 
will be mode later in the ohapter on c 6 lawi!^ 7 ^g maUers, but a group of sulistaiuioH wltli 
heterooyoho nuclei and intimately ^ouneoted with mdlgo will bu ooiisidercd Jioro 
NH 

ISATIN, C5 Hi< ^Q>.CO, fonnfl reddish yellow pidsins soliiblo iii iiluolinl nnd In hot 

water, and maybe regarded as the Zactow (am p 423) of Isatimc acid, Nila ('qHj <'<> CtlOH 

It IB obtamed from o mtrobenzoylformlo aoid (see later, liidolu), by o'cldimiig indigo with 
mtno ooid, eto It dissolves m KOH, giving first a violet colour {CoHj<^,p>( ‘D), while 

in the hot it yields potassium isatinate, OeHa Oxiilatioii of isatm with uln onne 

, .Nil CIO 

acid gives rise to laatlc acid (anhydnde of anthraniloarhoxylio ooid), ClgTIi^ 


^CJO 0 


From Paeudoisatin, OH (which would bo a lact>m) Ih doiivod tlu» 


methyl ether or Methylpseudoisatin, 


GbS 4 <^!o^>CO, is also known. 


C> 


OCIH3 (rod powder) Methyllaatln, 


DIOXYINDOLE, C,H4<^^ ^*^^) >co, is formed by roduomg Isatlu with /Jnu and HOI 

and reodUy gives laatm agam on oxidation. It is the internal anhydride of o ainmoinaiuleHo 

t exhibits both basic and acid properties* It ciystalhsoa in uolnurluHS liiiHins, 
mdtmg at 180° ^ 

NH 

OXINDOLE, C6H4 <j,jj^>CO, oots both as on ooid and as a base, and lieiiuo dhmolveH 

in mi in Ha It is the lactam of o omlnophonylaoetio iwld, and oan, indeed, be 
oD^ecl by reduomg o mtrophenylaoetio ooid It forms oolourloss noodles, in nt 120" 
and forms dioxylndole on oxidation. 

y NH 

INDOXlfL, CoH 4<^ ^H, IB iBomeno with the praoodlng oompound, and Ih 
^^ by fusing mdlgo with KOH or by tlie elimination of 00, from Muloxylto luid or 

It ooours m the urme of herbivorous animals in the form of Potassium Indoxylsulphate, 

OaHjN 0 SOjK (xitdwan of fhe wrtne) Derivatives of Pseudolndoxyl, 08H4'<^^>.OIJ4, 
are also known. 

SKATOLE, i’ fo™6d during the putrefaotlon of protein or by 

^ w, n —B Wh.u, 

.NH. 

INDOLE, C.H4 <;^^^H, is of Importanoo owing to its intimate oonneotion with 

ind^ By treating o nitrobenzoyl ohlonde with AgON. the nitrile In nW.ain.,1 i 
on hydrolyma, gives o nitrobanzoyltonmo aoid 


0 aH 4 < 


•OOa ( 1 ) 
■NO, (2) 


0.H4< 


,00 ON 
■NO, 


0 ,H 4 <; 


CO COOH 
■NO, 



INDIGO 
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IB OQid, on reduction, givea the am me, which loses 1 mol HgO, fomiuig Isatin 

< C0 COOH 

= H,0 + >C OH 

NH. 

Isatin 

Indole IB ohtamed by distilling oziadole with zmc dust and by varions synthetical 
oooaaos (flee Zaier, Indigo) , it ib forniod m the panoreatio piitrefootiOu of protem or on 
uoii of this with KOH In the impure state it has a feso^ odour, but when pure and 
rbly diluted it smollfl like flowers, and is henoo used hi perfumery It forms Hhining 
lies which molt at 62^, are volatile m steam, and with ozone give indigo 
With sodium bisulphite it fonns a oryataJline compound, aud with nitrous acid a red 
Doipitate , it nnports a red colour to a pine shaving moistened witli HCL It may be 
yarded as formed by the condensation of 1 mol of bunzono and 1 inoL of pyrrole 

\ 


It forms numerous denvativos with 
N 

batituouta in the benzene or pyrrole nucleus, tlio 
o CH groups near the NH bei^ termed a and yS 
/NH. 

INDAZOLE, CaH 4 <^ is a weak base 

eporod by deoomposmg the diozo compound of 
nitro o toluidine with acetic amd In the hot and 
en ©hniinatlng the NO^ group 

INDIGO, ^ ^ Htablo, 

Ltnral, blue colounng-matter, which was 
iifle m the Far East in the most remote 
nes, and was bartered to the Egyptians — 
ummies of the Eighteenth Dynasty (1580 
iuiB 33 a ) are found with wrappings coloured 
ith indigo — ^thon to Greece, and later to 
nly Until the middle of tiie nineteenth 
ntuiy the trade m mdigo remamed a 
onopoly of the Dutch 
It IB extracted from the branches and 
ives (of a yellowish green colour) of Iti&i- 
feia imetona (Fig 467), which grows very readily m tropical countries 
id IB extensively cultivated m India, Java, Chma, etc , bomg sown m tlie 
)rmg and cut two or throe tunes a year before flowering ^ At one tune ib 



^ ludlgo belongs to the lognminoiis plants, and is houae capable of enrlohlug tlie soil with 
trogenouB procluofcs owing to tlie ootiou of baotoria whlnh fli atraospheno nitrogen, {sba VoL I , 
348) It rma theroforeoeen proposed to plant indigo m rotation with Hugar-oane, oapooioJlv 
Boilu which have been exhausted by the latter At every cutting 20 to 30 q^ulntols of indigo 
outs are obtainable iier iieotoie and 6 to 0 klloB of 00 per cent, indigo for every ton of plants 
In India indigo is sown in February or March in well tlUod land at the rate oi about 14 IdloB 
seed per hectare Aftw three months the flowering stage is reached, the plants, which then 
mtoin the maxunuan of ooburing matter, being out ofl close to the ground, tied In bundles, 
id despatched Immodlat^ to the faotory to be extracted A second cutting In Beptomber 
VOS a smaJlfir quantl^ of mdigo 

Tho oultiyanon oi Indigo reached its greatest extent m 1800-1807 with a total area 
’ 640,000 hootores, one third in Bengal, one-fourth m the North West Provinces, one-fourth 
Madras, and one-twelf^ in the Punjab In 1860 India contained 2800 mdigo factories and 
)00 worlffl employing primitive methods of extraotbn, the total number of jMrsons em^byed, 
,.oliiBivo of agnoultural labourera, bomg 860,000 After the appearance ol artifloiol mdigo, 
le area und^ mdigo steadily diminished, being only 180,000 heotaros in 1006—1007 
There is a tendency In Ttidift to extend tiie cultivation only on the most suitable soUs, and 
) abandon the old varieties of plant in favour of Natal mdigo, which gives a greater jddd of 
avea oontammg a higher proportbn of ooburing matter I^tionol methods oi extraction are 
so being introdnoed. 
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was extracted also in Europe (Hungary, Thunngia, etc ) from wood {Isaiin 
Hnctona^ Fig 468), where, however, it occurs only m the leaves and m smaller 
quantity There are several vanetiea of Indtgojefxt (tmctona, dispoima, auil, 
argentea, and others of less importance) They are herbaceous Bhrubs 50 to 
100 cm in height, covered wi^ silky hairs, with pmnate leaves and many 
small leaves 

From the results of testa made at Calcutta it would seem that Indtgofora 
l&pLostachyay cultivated in Java but indigenous to Natal, is better m every 
respect than Indigofera tmctona^ while it lasts four to five yeois Still better 
results seem to be given by Jnd'igofeixt ereda 


In order that the indigo may be oxtraoted from tlie out plants, It in neocsaiuy timt tho 
gluooflido they contain {yndxcan ) — oonsiating of a compound of glucose with iiidoxyl — be 
decomposed by fermentation m large vessela with water After 10 to 14 Jioura tl^o glucose 
IB fermontod, while the Indigo, owing to the presonoo of ammonia, forms a yollowisU bo1u< 
tioii The liquid is traJisf erred to deep vats, whore it is subjected to “ boating ” for two 

to tlireo hours with wooden paddles or wliools, or to 
“ blowing ” by ineans of a ouirout of an The oxida 
tion thus effected causes the separation of the iiidigu 
in flocks, winch axe removed by dcoanbatiou after 
three to four hours 



yCmW >C(OH). 

aoH4< >0 Of >C,H, 
\ NH / \ NH / 


ladleofJn 

yC(OHK 


-C(OH)s 

NH 


ViH 

\ NH / 

Iiidoxyl 

.CO. .CO. 

>0 C<; >C„H, 

\nh/ \nh/ 

Iiulleo bluo 

The 5 per cent, mdlgo paste separated by decanta- 
tion IS passed tlirough sieves to remove fragments of 
4 Qg the plante and is then boiled by moans of steam for 

16 minutes m order to aterlliso the mass — ^wJuuIi 
would otherwise undergo change — and to eliminate part of the brown matter and to 
effect better separation of the pariaoles of indigo Those thou deposit more easily and 
axe ooUected on a large cloth Alter, the flrst liquid passing through being retmued to tho 
Alter until It comes through faint red , the 8 to 12 per cent paste thus obtained Is 
pressed in pnimtive presses. The large cakes thus formed contain about 80 per cent, of 
water and ore out mto small cubes, which are arranged on grids, dned in tho air for 
two or three months and placed on the market in boxei holding 60 to 140 kilos under 
the name of cakea Durmg the drying, these cakes evolve ammonia and become covered 
with mould, which is Anally removed with brushes. The yield of mdigo is about 0 2 per 
cent on the weight of the green plant or 2 per cent on that of the dry plant. 

To oombat tho competition of ortifloial mdigo, vanous Improvements have been intro 
duood during recent years Into the methods of oaltivation, manuring, and extraction , 
attention may be directed to the rational fermentation with suitable enzymtt (oxydases) 
proposed by Calmette and others (Fr Pats 300,826 and 302,160) 

The mdigo-oontent of the oakes vanes considerably, some of those on the market 
oontalning only 20 per cent, and others as mnoh os 00 per cent. It hence becomes neoeasoiy 
to determine the value of any sample on the basis of the proportion of pure Indigo ascer- 
tained by exact anolysia ^ Acoordmg to Fr Pat. 323,036 an mcreased yield and on improved 

^ Analysis of Commercial Indigo Commeroiol Induo from Beiugal oontalna, on an 
average, 60 per oent. of IndiRotm , that of Madras, 30 to 0(f per oent , that of Jaya, 72 to 82 
per cent. , that of Guatemala, about 40 per cent. , that of Martinique, 60 to 70 per oent , and 
that of C^bay, China, and Tonkin, 8 to 16 per oent. 

Indiffoitn may bo esthnated as follows 1 grm. of well dned Indigo is mixed (in a bottle 
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product ore obtained by mooeratlng the frosb plants in iirosonoo of tannin matormla which 
leave only the indigo undissolved. 

The cakes of indigo ore blockish blue m colour and give a fracture showing a bronzy 
reflection Natural Indigo always contains, besides indigotin, other Biibstaucea and colour- 
ing-matters (such indigo gum, mdlgo brown and red, etc ) which affect the tint, somo- 
times favourably 

A good Bengal indigo gave, on analysis, 02 per cent of indigo blue, 7 3 per cent of 
indigo red, 4 7 per oeut of mdigo brown, 1 6 per cent of Indigo gum, 0 per cent of water 
and 10 per oeut of mineral matter 

Pure or refined indigo is obtomed in vanous ways, e g , tho cnido hidigo is treated with 
a mixture of oonoontrated acotio and sulphuno acids, the uidigo alone passing into solution 
os sulphate, which is deoomposed after ^tratiou by exocss of water, this preoipitatmg pure 
mdlgo or indigotirL In order to avoid dilution with watei and loss of aoid, it lias been 
proposed to separate the sulphimo acid directly by addition of calcined sodium sulphate 
which transforms it mto bisulphate , tho acetic acid is then distilled off and the hisnlpliato 
removed together with a little water According to Qer Pat 134,130 pure mdigo is extracted 
from the crude product by means of hot, crude pyndmo. To purify artifloial indigo, it is 
heated, according to Gar Pat 170,351, at 200° to 270°, at which temperature it does not 
sublime or decompose, while the hidigo rod and other iinpuiities are destroyed, leaving on 
mdlgo highly valued for its fine bronzing ^ 

Of some mterost is ooHoiddl \nd%go^ which behaves hke dissolved indigo, and has been 
recently prepared by Mfihlau by heating, out of contact with the air, a suapeiiSLon of indigo 
in an aqueous solution of alkoh and sodium hydrosulpluto, the liqmd being treated, after 
cooling, with protalbtmc acid (obtained by Mflhku by the alkahue hydrolysis of protom 
and subsequent dialysis , this acid bos the power of preoipitatmg various metals m a col lo idol 
state from their salts) Addition of hydrogen peroxide to tho filtered liquid glv^ mdlgo 
blue m the colloidal condition, which is retained oven after evaporation. 

PROPERTIES Pure mdigo fonns a dark blue powder winch, when rubbed, 
gives a metalhc, coppery lefleotion It sublimea at about 300°, giving red 
vapour and forming copper-red, shining prisms It is inaolublo m water, 
alcohol, ether, alkah, or acid, and dissolves only slightly, even m the hot, m 
amyl alcohol, ohloioform, phenol, carbon disulphide, pure acetic aoid, mtro- 
benzene, amline or melted paraffin wax It has neither odour nor taste and is 
mdeed an almost completely indifferent substance , this explains why, although 
materials have been dyed from tune immemorial m tlie Par Bast, in Europe 
no process for dyemg textile fibies was disooveied for so many centuries — until 
the sixteenth 

The portion soluble in hot amlme colours this blue but colours fused paraffin 


with a ground stopper) wibli 10 grmB of garnets or gloss beads and 20 u u of sulphuric acid 
mixture (composeu of 3 ji^rts of ooncontrotod sulphuno acid and 1 part of oleum coiitaitiliig 
20 per coat of free SOq) The mass Is thoroughly mixed and Is oiterwaids aliakon ouoasiunally 
over a period of 12 hours or so, until solution Is oonmlebo, the whole i>elng then poured carefully 
into cold water and tho bottle thoroughly rinsed out The aiiueous Hnlutlnn is boded for 
10 minutes oud filtered, the filter bolnp washed with hob water until the washingfl become onlourioHS 
and iJie Hltrate then mode up to a litre Tlfty oubio uentunotros of this Holutlon is mixed wltli 
000 0 0 of distilled water, and tho liquid titrated with 0 06 poi cent potassium pormangnnato 
solution until tho blue colour becomes golden yellow without green reflootion lii omer to 
aeoustom the eye to this end point, which is not sharp, it Is odWsable to make a uompoiative 
tost wltli mdigo of known strength , loo of the permangonato solution oorrospondB wilJi 
about 0 00126 grm of Indlgotin In order to prepare pure 100 per cent, mdigo for piirposos 
of Qomponfion, 10 gnus of pure, powdered artificial indigo (08 per cent, marked BAST or 
M L B ) 1b treated m a beaker with 120 grms of oaustlo soda solution (ap n 1 21), 330 gnns 
of concentrated sodium hydrosulphibe somtlon and 100 gnus of water (or, ii 50 grms of 20 pci 
cent, mdigo paste is token, only 00 grms. of water arc added), tho mixture being heated on a 
water baui at 40° to 60° with ocoosional shokiim and tho air being gradually exp^lod from tho 
beaker by means of a current of cool gas Wnen solution is complete, the linuid is rapidly 
filtered and a current of olr passed into tiie yellow or greenish filtrate ^le precipitated Indigo 
la ooUeotod on a hardened filter and washed first with hot water, then with hot dilute hydraohbrto 
aoid (30 o o of the concentrated aoid diluted to a litre), next with water again, and repeatedly 
with oloohol and with alcohol and ether When dried at 101° to 110° untU of constant weight, 
the product represents pure 100 per cent indigo 
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wax purple-ied , from these solutions, rliombio crystals showing marked 
diohroism separate on cooling 

From hot oil of turpentme mdigo crystolliaefl m blue plates 

Concentrated sulphurio acid conve^ it m the hot mto a monosulplionic 
denvative, soluble in water but insoluble m salt solutions With fuming 
sulphuno acid it forms the disulphonio compound, whidi gives more soluble 
salts, the sodium salt being sold os a paste imder the name of xmligo-camnnc^ 
this dyeing wool hko an acid aniline dye 

Wlien dry distilled, indigo gives anilme and other oiomatio compoimds 
Energetic oxidising agents (nitno or ohromio acid or permanganate) docoloiiso 
it more or leas rapidly, oonveiting it into isatin Chlorme, bromine, and iodine 
give balogenated derivatives of laatm 

Indigotvyy lohite, which is the leuco-base of indigo blue, is obtnmod from 
the lather in a soluble form, by the action of alkaline reduomg agents (sodumi 
amalgam, ferrous sulphate, hypophosphorous or hydrosulphurous acid, glucose, 
gaJho aoid, etc ) or enzymes When heated with acid, the greenish yellow alka- 
Ime solution deposits mdigotm white, which is readily converted mto tlie blue 
form by the oxygen of the air 

Indigo may be regarded as a substantive dye which colours both animal 
and vegetable fibres without a mordant It is first reduced m the vats by means 
of enzymes m presence of sugar, urme, zinc, araenio, or reduomg salts (sulphites, 
hydroBulphites), thus becoming decolorised, soluble m alkali and capable of 
impregnatmg textile fibres, on which it becomes firmly fixed when rendered 
insoluble by the action of atmospheno oxygen 

In 1890 the German Government permitted ahzonn blue to be used foi 
dyemg part of the cloth for military uniforms, these having been previously 
coloured exclusively with mdigo 

The first efiorts to asoertain the ohemioal nature of indigo were tlioao of Erdmann and 
of Laurent, who Hunultaueously (in 1840) obtained laatm by oxidifilng indigo witli nitno 
ooid. In 1848 Eritzeohe obtained am line by distlUing mdigo with oaustio potosh , Baeyer 
and Knop, m 1665, reduced mdigo to dioxyrndole, oxindole, and indolo, tho lost of theso 
being prepared synthetloally by !Ba<eyer and Emmerling In 1809 from o mtro omnamio aoid 
In 1870 Engler and Emmerling ofieoted the first complete eyntheala of Indigo by heating 
o-nitroaoetophenone with limo and zino dust, and m 1874 Nenokl prepared indigo by 
oxidising indole and ozone. , 

In on interesting senes of studies extending from 1870 to 1878 Baoyer and lua pupils 
established the constitution of, and i^theeised, oxvndoUt tranfiforming it into isatin, and 
tho latter, in vanous ways, Into mdigo The new complete synthoala eflootod by Baoyor In 
18S0'1882 firmly established the struotnro of the mdigo moleoula 

Of tho now synthesea of indigo following that of Baeyer — which. In spite of costly 
attempts, could not be rendered capable of industrial application — ^tee moat important 
from, a practical pomt of view is that of Heumann (1890), in which fusion of phcnylglyuiiio- 
0 carbozyllo aeid with alkali is suooeeded by oxidation. 

L Tlie starting point and tho vanous intermediate produots of Baoyer’s 1880 synthosiB 
of mdigo ore as follow 

0,H.<™«>CO -> 

o>rfltiophony]aootJa add Ozlndolo loatozlina 

o,H4<^^J^>co c,H*<^>co CA<^>cai, 

AmtiKHixhulole IMJn iBafcln oblarldo 

Indigo 

Boeyer’s other synthesu, which was tried on on industrial soale by the Bodische Anillni 
und Soda-Fabrlk of Ludwigahafen in 1882, and gave a yield of 60 per oent., started from 
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bonzoldehyde, bho product of the mteraotion of bonzylldeae ohlonde aiid sodium acetate 
being nitrated (and subsequently Bstonded) and a mixture of 70 per cent, of o-nitromnnanuc 
acid and 30 par cent, of p nitroomnomio odd thus obtomecL After removal of the latter, 
the fonnor is converted into the dibroinlde, which, with aloobolio potash, loses 2 HBl and 
forms o'mtrophenylpropioho acid, this giving uidJgo when heated with alkoh and glucose 


P rr OH COqH 




CeH,<^>C 0<^>0.H, 


o-NItroiiIiiniiDila luild o-XltxnphonylproplolIo odd 


JndlKO 


Owing to the high pnee of o nitropbenylpropiolio ooidi this artifioial mdigo is used only 
for printing textiles 

II la 1882, by means of a new and theoretioolly ologout synthesis, Booyer and Diewson 
miooeeded in raising the yield to 70 per cent. , o-mtrobenzaldehyde and acetone were 
oondensed in prosenoe of oaustlo soda, Indigo being formed os follows 


+ 2CH, CO CH„ 
0 NltroliciixaJdohydo Acetone 


„„ „ ^CH(OH) OH, CO CHj _ 


2H,0 + 2CHa CO,H + C,H4<^>a 0<J^>a,H4 


Indigo 


In prmtmg, the synthesis tokos plaoo directly on the fabno, tlie aoetoiio being rendered 
soluble by oonvorsion into the bisulphite compound {KdUe^s adU) The industrial piepora 
tlon of o QitrobenzoJdohyde presented, liowever, a serious disadvantage, tho direct nitration 
of benzoldehydo yielding a oonsiderablo proportion of the unusable m-nitrobenzoldehydo 
whilst, starting from benzil, the p nitro compound is obtained A happy solution of this 
dllHoulty was found in the preparation of o mtrotoluene directly from toluene (only 40 por 
cent of p mtrotoluene is formed), oxidation with manganese dioxide and sulphuric acid 
then giving a good yield of o nitrobenzaldehyde. To the general application of this process 
were opposed a number of difdoulties In order that the ortihoial mdigo might displace the 
natural product, tho annual oonsumption of which was about 5,000,000 to 0,000,000 of 
kilos (100 por cant.), it was neoeesoiy that there should be on the market a suffloient quan 
tlty of raw material (toluene) at a reasonable pnoe. It was found that, even although the 
use of modern metallurgioBl coke famaces (^ VoL I , p 461, and this VoL, p 032) 
moreosed the quantity of crude benzene (in 1000 the total output m Europe amounted to 
30,000 tons), yet, sinoe the latter contains only one-aixtli of its weight of toluene and since 
4 kilos of toluene ore required to furnish 1 kilo of artlOoiaJ mdigo, tho use of all the toluene 
oxtractable from the benzene on the market would give only 1,000,000 kilos of mdigo, t a , 
one fifth or one sixth of the whole consumption. Increase of tho production of crude 
benzene for tho purpose of obtodmng moro toluene would lead to over production of unusable 
benzene, and hence to increase in the price of toluene and in that of ortlBoial indigo, which 
would be unable to compete with the natural product. 

m After much further Investiigation and many unsucoessfnl trials, the industrial pro 
paration of artifioial indigo has, hojvever, become an accomplished fact. Having acquired 
Boeyer’s patents for a sum approaching £20,000 without deriving any prootioal benefit 
from them, the Badisohe ATiiHn und Soda-Eabrik of Lndwigshafon did not hesitate to 
purchase later the patents of K. Heumoim, who was the first to discover, in 1890, that 
mdigo is obtained on fusion of phenylglyooooU with caustio potash, but that a better yield 
is obtained if the phenylglyooooU is replaced by phenylglyolne-o-oorboxylla odd, 
CeH 4 (COBH)(!NH GHg 00|H) The eoonomiool preparation of this acid necessitated 
Investigations and trials extending over more than seven, years, ^tiH the aynthosla become 
of industrial value only when it was found possible to employ naphthalene as the initial 
BubstanoQ. Quite 50,000 ton^ of naphthalene are product annually in the distillation 
of tar, emd up to that tun 3 oiily about 16,000 tons of this had been utUisod, tho rest being 
left in the heavy tar oils or used for making lamp black (p 624) The complete syuthosis 
takes place m the foUowlng stages i 
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/N— COaH 

+ OHjCl COaH 

■NHa 

\X 

AnthranllJc aold 

^ GObH 


HCl + 


>CO-H 


V 




Indoxyllo add 


/\ 


-NH— / 

IndoxyJ 


I— NH OHa COgH 

nmuylglydiio-o-carlioxyllQ ndd 

/\ — CO. yCO- 

— NH/ NNH— 


\/ 


-NH/ ''NH- 

Ijidlgo 




The oxidation of naphthalene to pbtholio auhydnde by means of ohromio aoid is too 
expensive, but the same end waa attained by the use of fuming Bulphimo aoid noli in Buli)Iiur 
tnoxido, after it hod become possible to prepare this cheaply by the oatalytlu method 
(mc VoL I ) The action of the aoid was moderated with meroiuy bimdphato, wliilo tlio 
Bulphur dioxide was recovered by the oatalytio prooees (m 1001 tho Badischo Company 
I'eoovered m this way, for the manufaoture of plithalio anhydride alone, about 40,000 toiin 
of sulphur dioxide) 

FhthaJimide is then easily obtained by the aotion of ammonia, while the monoohluro- 
aoetio ooid oon be prepared cheaply iLud lu large quantity by using the hquid ohlonuo 
(1,000,000 kilos in 1000) resulting frorq the eleotrolytie manufaoture of oaustiu soda or 
potash, and glaoioL aoetio oold (about 20,000 quintedfi) obtained from tlio dlstiJlatiun of 
wood (about 100,000 on metres per annum) Tho reaction between oiitliranilio acid and 
monoohloroooetio acid proceeds readily, but tho formation of indoxyllo ooid was found to 
be muoh more diffloult, the oonditions required for tho fusion of the pheuylglyciuccarboxyllo 
aoid being Inoonvement , this obstacle was, however, hnally overcome Tho ultmiuto oxida- 
tion of the indoxyl is effected by means of a ourreut of air The indigo soparatos In aniall 
orystals, and in order to obtom it m a ffnely divided state, it is converted into sul^ilmte and 
this deoompoBod with wator Aitei being washed, tho paste thus formed is idojitlcal witli 
natural mdigo and is, indeed, of greater value owing to its highoi purity and to its 
oonstanoy of oompositiom 

IV Proctaa of ihs Farhwerke vonneUa Jlfcwicr, Iaigius uiid Brtlnxng of Hddiat (1000) 
This consists In the aotion of sodamide (obtained by treating gaseous omiuouja with sodium) 
on phenylglyooooll, subsequently lieating in on autoolavo at 250° 


NH,Na + CaHfl NH GHj CO»Na = NH3 + NbbO + (hidoxyl), 

2 mols of the indoxyl then oondensing in preeenoe of oxygen 


2C,H,<^>CH, + Ob = 2HbO + CbHb<^^> 0 0<^>a,H, 


This proooffl was ongmally patented by the Dentsohe Gold- und Silber Sohoide Aiistall 
(Frankfort), from whom it was purohaaed A yield os high as 66 per cent has been olitainod, 
but sodium at 28d per kilo la too CKpensive to make tho proo^ praotioable 

V Sandmeyer'a synthesxa (patented by Messrs Qeigy of Ba^e , Eng Pat. 15,407 of 
1800) Amllne is treated with carbon disulphide m presence of aloohoho jictaBli, diphenyl- 
thiourea being obtomed CS^ + KOH + 2aaHB NHa = ICHS + CS(NH 0eH5)g +HgO 
Tho action of lead cyanide on diphenylthiomea gives Hydrocyanooorbodiphenyl- 


imide, ^0 ON, which with aznmomum sulphide yields the Thloanude, 

OqHb NH/ 

O3H3 N ^ /NHg 

Bulphuiio amd forms a Isatinanlllde, 


GgHa 




0 ira o,H„ 




reduction of the latter by means of ammonium sulphide then giving indigo AH the materials 
used in this synthesis are cheap, but the indigo produced was not al)le to compete for long 


i S 
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t'Vitli that of tlio Badusohe Company and of Meaara. Moister, Luoius und BrUuing, who 
continually lowered the pnoe lu order to suppreas natural mdlgo and made use of the two 
niprovod Heumaim proGoaBes atorbing from phouylglyooooU and plionylglyomeoarboxyho 
lqicL 

Tho struggle, lasting for jnoro than twenty years, botweeu the produoars of natural 
ndigo and the seientifio men ooimeotod with tlie various iiidustidei iiiiclertakmgs has now 
Jinlod in unoontested victory for the latter Tho hguros oh'eady given showing tlie areas 
ciidoi indigo at dliferont times {see p 7C0) justify the oonviotloii that lu a few years* time 
^ndtgofem tinctona will bo of Interest only lusfconoftUy, just oa is tho ooso mth madder, now 
Hipplaiited by artihoiol ohzann 

With Its lower pnoe, its more ready applicability iu dyeing, and the oonsiderable use 
low made of its hologeiuited derivatives, the oonsumption of indigo will cortauily inoreose 
Cti 1008, owing to tlio slight diffioiilty of reduoiug mdigo, even when finely powdered, 
lOvoToI ilmiB plooed on the luorkot the leuoo product itself (uidigo white), tills being 
obtained by reduotion with iron and alkali, or, hotter, with hydrosulphite {Orandrmi^gtn), 
ito 

The following figures will give a olearor idea of the oomineroial and industrial unportanoe 
cf indigo, both natural and (uiafioial 

STATISTICS The production m India was 60,000 quintals In 1602 and 76,000 quintals 
containing 66 to 70 poi cent, of indigotui), of tlie value of £8,200,000, m 1806 Of Indian 
ndigo 60 per oent. is sold at Oaloutta, which Bupplios Europe and Amenoar, 30 per oent at 
VEodroa to Egypt and the East, and 10 per cent at Bombay and ICaraohi.^ 

Tho output of mdlgo (with 68 to 70 per oent of mdigotin) and the surface under oidbiva- 
dou in India were os follows 

1892 1800 1000 1012 1013 1917 1918-10 1919-20 1020-21 

■iiihitals 60,000 76,000 12,000 23,860 18,800 48,000 22,000 10,000 24,000 

hlootaj^oa — 640,000 160,000 86,000 80,000 170,000 120,000 06,000 73,000 

h\ 1896 tho oonsumption of mdigo in different countries was os follows England, 
13,000 qmutola, United States, 11,600, Germany, 10,000, Eranoo, 7100, Belgium, 
LfSUO , Austria Hungary, 6600 In 1013 the world's oonsumiitiou of mdigo (coloulatcd for 
LOO per cent ) was estimated to be 100,000 quintals, the pnoe being lowered by the oom- 
potition of new vat dyestuffs (indanthrono, etc ) which compare favourably with Indigo 
LS regards fastness and prioo. 

Thepnee of mdigo (100 per oent.) was 16s per kilo between 1806 and 1000, 12s m 1902 
uid Os 6d m 1904, the fall being duo partly to oompotition between tho two groat firms, 
dio Badische Anilin und Soda-Fabnk, and Moaars Meisier, Luoius und BrOuing, who 
ater oamo to an ogreomont, tho price then rising to 8s per kilo In 1917 the price was 
nore than quintupled, and iu 1921 it fell to about double the pre-war value 

In 1907 the total output of oxtifioiol Indigo was ostimatcd at about 4320 tons (100 por 

I out ), t e , about four fifths of tho world’s oonsumptiou ^ 

^ In 1882 the Indian Guvoruniont aholishod the oxpart duty on mdlgo Until 1866 aJmoflt 
lU tho indigo waa sent to Ijondon, which was tho centre of tho European trade In 1006-1000 
ixpnrbation from India hod fallen to 16,000 quiutola (£400,(KX)), tho cultivation of indigo being 
eplaced by that of rubber (28,000 quintals), iurmene (26,900 quintals), lioiiip, cotton, toniiiug 
ilants, ote During recent years the cultivation of natur^ Indigo has inoreoBod hi the clistriote 
uoro suitable to lb and diminished in tiiose loss fitted 

In 1860 tho Philipplnos o:q>ortod 261,674 kilos of mdigo paste (£00,900) and 060,200 kilos 
>f liquid mclino (Onfatron) (£&,180) The industry was still iionrisliiiig in 1876-1881, when 
,lio producersuegon to adidterate with sand and obUei Buhstaiicoa , prices wore tlius mined and 
oil from £12 par quintal to £4, the cultivation being to some extent abandoned With careful 
uilblvatiou, as mii^ os 4 quintals of good mdigo con he obtained per hectare. By 1006 the 
exportation had diminished to a total of 260,000 kilos of pasty and liquid Indigo The output 

II Java amounted to 600,000 kilos in 1906, but in 1900 the expoits wore ouly 100,000 kllus 

The inoreosmg oomporitiou of ortifloial Indiao led to the formation, in 1 020, of tee Indigo 

Planters’ Oo-operatlve Association, supported by about one half of tee ooimlrios producing 
iidJgo, ivlte tho objects of oontrolialng the treatment, plaolng on tee market a uniform grade of 
ncllgo free from adulteration, and improving tee methods of cultivation, since mnoh land used 
'or growing indigo had become almost sterile It has been found teat suitable artificial fortilisa 
dun, osped^y -^th supeiphosphates, raises tee yield to 46 kilos per hectare The fermentation 

indigo was formerly earned out in oement tanks and waa retarded by the lime liberated by 
lydrolysls of the oement. 

It appears that natural Indigo, pro^ly prepared, gives results about 10 per oent. better than 
.hose yi^ed by the artificial productdia'ii^g tee samo indigotln oontent. 

> The first artificial indigo plant of tee Badische AnlliiL- und Soda-Fabilk in 1807 cost 

49—2 
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CO COLOURING-MATTERS 

Only a certain proportion of the mniuiierable coloured substances are capable 
of being fixed on vegetable or animal fibres, imparting to them a more or less 
stable coloration, and only those able to fulfil this function, directly or mdirectJy, 
belong to the true Colouring-Matters 

Ooloured substances are those which absorb constituents of white light of 
certain definite wave-lengths, emitting the rest 

Generally speaking, only the luminous waves visible to tlie eye linve yet 
been closely studied, and it is probable that new laws, possibly more important 
than those already known, will be discovered when the nma-rcd and ultra- 
violet rays absorbed or reflected by ooloilued substances are considered 

Hartley has indeed shown that the apparently colourlesB substance, boiizone, 
IS, stnctly speaking, coloured, os it absorbs certain ultra-violet rays mvisiblo 
to the eye, and that in the benzene senes the luniinoufl vibrations are gradually 
rendered slower and so made visible as the molecular weight is increased by 
substituent groups 

Dichroic Substances allow certain rays to traverse them and reflect cortam 
others, so that they appear to be of one colour by transmitted, and of onotlioi 
by reflected, light , such are, for example, fluorescent substancos Oertam 
ojkaline fluondea, such as those of the alkah metals, allow infro-rod and ultra- 
violet radiations to pass through them, while various nitrates, nitno acid, 
the hydrocarbons, the aldehydes, eto , although they do not retom any of the 
constituents of white h^t and hence appear colourless, yet do absorb waves 
of many wave-lengths 

Light itself IS to the human oiganism only a sensation duo to absorption of 
a portion of the radiations by the orystaUme lens of the eye 

Between coloured and non-oolouied subBtarLoes there is often complete or 
nearly complete identity m chemical composition, so that the colour depends, 
not on the composition, but only on the constitution or atomic structure of the 
molecule 

It IS now umversaUy admitted that the colour of substanoeB is closely 
dependent on the presence m the molecule of certain well-definod atomic 
groupings or nuclei 

As early as 1867 Graebe and Liebermann amved at the conclusion that 
the colounng-matterB capable of fixing hydrogen with decoloration and forma- 
tion of the so-called Imco-hases {see p 721) are transformed mto colourmg 
Bubfitances on oxidation 

In 1876 N 0 Witt defined the nature of those simple groups, termed 
dhromophores > — NOa, — N N — , = CO, = NH, ^ 0 NO, = 0 = 8, 
==0 0 N N — , etc ), which by union with more complex ^oups (even 
colourless ones like the aromatic hydrocarbons, benzene, naphthene, eto.) 
form the so-called chromogens, these being usually more or leas ooloured, but 
not colotumg Thus, azobenzene, O^Hj N • N OgH^, is a ohromogen oon- 
tammg the diiomophore, — N N and is ooloured red, but does not dye 
textile fibres, although it is the mother substance of dyestufb Eepetition of 
one and the some bhromophore m a ohromogen may alter the colour, e»g,, from 
yellow to green, blue, eto (such ohxomophoroa are called hypsoohxomio), or from 
yellow to orange, red, eto (bathochromio) 

£480,000| and In 1000 two oompetltarB, namely, MeeetB Meister, Looiufl nnd BrOnmg and Mesara 
Gedgy, made their appeoranoe, the oonsldemDle fall hi prloe thoB prodnoed r^ultmg in Messrs. 
Gbigy*B abandonment of the mannfaofcnre and of the fnelon of the IndJgo Interests of the two 
remaining Buns with a oapltal of £1,200,000 In 1010 the mann^tore of aa^olol Indigo was 
started by ilia Bahtnen O^pany of Hamburg — whioh is a oompMiy with a oopltol of £2^,000 
and makee nse of Hahtien’a unprored Sandmeyer prooess — ^ the firm of Heyden (Badebeui) 
whioh. employs the phenyl^ydne method. The Socnety of Cbeoailo^ Indnstoy in Bwle also 
begw mating sftlfidud indigo m 1011-1912 Haring the war the mannfootore was oottunenoed 
in Bngland, the United States, and France. 
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CHllOMOGENS 

Oolonred chiomogens usually become colourlesB by fixation of kydrogon , 
tbuH, CjHg N N • OgHg (azobenzene, orange) + Ha = C„Hg NH NH OoHj 
(hydrazobonzene, oolourlesa) , CgHjOg (benzoqumone, yellow) + H™ = CgHgOa 
(qmnol, colourless) The original coloured compound is obtaoned on oxiaii- 
tlon of the colourless compound, wbicli is known as a leuco-denvative Dibi- 

CgHg. /OgHg 

plienylonetheno, I ^ = C\ I , a red kydrocEirbon, gives the colourless 

CeH/ 


CflHg- 

dibiphonylenetbane, ] 






/OgHg 

CH<r I , on reduction ^ 

N^gHg 


CHROMOGENS aie numeroua and of very varied composition ® 

^ Somo of tliono loaoo ^)rodtiutH regenerate tlio original ooloiinog matter simply liy ^xIcla^lon| 
^vliilo ntliors do not Ifor iustanoe^ reduotioii of nitro groups glves^ ns final produntui ammo- 
derivatives, whloh yield nitro groups again on oxidation TUo ooznpleto rodu^lou of 



yellow autliraquiiioneoElne gives deep Uue Indontbreno on roduotiou i 


0 


/\/ 


N I 0 

\/\/ 




x/yx/ 


tile two imino gronjra formed bemg intonso auxoehromos, oax>eoially if they oooar In a olosod ilng 
Similarly indigo with the auxooUromo, —00—0 a 0—00—, aliomd bo yi^low, but la bluo owing 
to the prosonoe of two aiucooliromes forming olosod rings 
■ lUxamples of chromogena ore 


HN°<^ C,H« NH„Oi=.< ( '^ =N O.H^ NH,.ira=<^^^=a=(0,H4 NUJ,. 

ladoplumol 

0 0 = (C.H4 OH),, 


Indamluo 


BjQBOiillIno 


BoboUd nold 


CO 

/W^\ 


N 





/Xj^ 

rilUIUUfilUO 

N 




Acridino 

O 


ThlodlpluniyUuiiloa 


OJi 

Plienoxosliie 
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Introduction of ammo groups mto the chiomogcn azobenzeno la acooiuptinicd 
by a deepening of the colour from yellow to orange to blown, tlieso clironio- 
phores being bathychroimc 

Ammoazobenzene, C12H0N1 NHg, is pale yellow 
Dianunoazobenzene, Ci2ll8^2(^NH2)a, is orange 
Tnaminoazobenzene, Ci2H7N2(NH2)3, ib brown 

Chroinogena are ino^y neutral subBtanoes and if groups — ^tenned nuxo- 
ohromeB — capable of impai'tmg a basic ox acid cliai actor are introduced, coloui- 
mg matters capable of dyeing textile fibies are obtained The auxooliromcH ai(^, 
more especially, hydroxyl and ammo groups and their nlkyl or phony] doiiva- 
tives OH, NHg, OCS3, NHOHg, NCCHg)^, NHCglL, Hydroxyl- 

amine and hydrazme residues, NH OH and NH NHa, may also bolmvc as 
auxochiomes, but the auxochromic character diminishes or diflaiiponi’H on (»ntiy 
of an acid substituent, as m 0 COCHg, NH COCH3, N(0Tr3) NO, etc 
Sometimes the auxoohrome group is formed during the clyeiug, as wlicn tlio 
group = CO becomes = 0 OH ^ 

Further, what are usually the more energetic chromophoroR cciiho to bo 
80 when they occur m molecules which are small or poor in carbon To tlus 
iB due the very small number of colounng-matters in the abpliatio serios 

Thirteen ohromophores of well-defin^ constitution ore now known, wliilo 
ooncemmg others there is still doubt owmg to thepseudoiBomensni (tautonuii win) 
they exhibit ® 


HN S NHi 

v\U 

Tlilcmlno 


0 O OH 





HoHoniflii 


In those ohromogoiiB is aeon the analogy bet\7eon the ohromnphnros in fche difToroiit innlncMilrH, 
oharaoteriBed by divalent 01 polyvalont atoraa or ntomia groups (= NH, >=1 N — « (J O, S, 
— 0 — , >-00) united to the nng m a closed oholii, the wholo forming the true ohromoplioro, 
which, joined to the rest of tlio molecule, gives tlie ohroniogon 

Tlie passage from simple to more oomplox ohromophores la often acoompaniod hy ohniigo 
from yellow colour to a more intense yellow or to red or blue 

^ With fuoh^GS (roBOnihiios and p roBainliaosJ tho oolour booomes more mfconso and moro 
violet \rlth increase in the allcyl groups replacing tlie amlnlo hydrogen Tlio foinbly acid, phonoliu 
colouring matteis which aje fixed W mordants give higlily rosistanb colours u they ooiitidn 
at least two OH groups, or OH and COOH, m the o^Uw position, and bettor still if those are also 
jiL ortho positions with reapsot to the olimmophares In tho oulourlng matters of the nltroplienol 
group, the colour posses from greenish yellow to orange-yellow as tho dlstanoo lietweon the OH 
and NOi groups inoroosee ]?Bst oolouxs on mordants are given eepeoinlly by thoHO culouring- 
matters oontoimng hydroxyl groups in tho ortlio position with rospont to one nnntlior and to 
tho chromophore (i^zorm, etc ) 

Of the ‘Mphenylmethaue oolouring-mattors, thoso which have a sulphomo group (flO|H) lii 
the ortho position with respect to tho central coibon atom ore stable to ukall and to snap (8ualu 
and Sondmeyer) ' 

* Aooordmg to Hontzsoh (1000) all tho true nitro hydrooarbons of tho aromatlo or aliphatic 
senee and also all polynitro-oompoimds are oolourleaa when quite pure, so that tho N0| group 
by itself is never a ahromopbore Only oertaJn mtroplienols ore oolourod when tlioir phenolic 
hydrogen is free and henoe mobile (forming tautomeno oompounda), and for tlie same reason all 
Biutfl at nitrophenola are oolouied By the dlsoovery of the quinonio (aol ) ethers of nltrophonols 
besides the wue ethers, it was shown that many oolourlesB or almost oolouileaa hydi'ogenated 
compounds capable of forming highly hydrogonated aalte, are pseudo-ooids, so that the ooloured 
Bolts are derived from a hydrogenate ooini>ound diflerlng from tho original , if it were possible 
to obtain these free, they also would bo oolourod 

NltroidieiiolB are oertomly true tautoraorio hydrogenated compounds which give two 
senes of Btruotnially isomeno ethers, such as oip riven also oy nitrous, auTphurous, 
hydrocyanic, and cyanic adds The true nitroplienolio ethers aro colonrleas, while the aol ethers 
(tantomerlfl) are ooloured an Intense red j the former aorrespond with the general formula, 
yO yOH 

0 bH 4 <^^ (derived from the oolourless true nltrophenol, CJly ), and the latter 
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Certaui acid groups (COgH, CO 2 H, etc ), te , scdt-fomhing grou}}8^ infliieuco 
the coloiu but, even more than the ohromophorea, reinforce the influence of the 
auxochromos Thus, a/iobenzene, CgHg N N OjHg, although a coloiiied 


with CjHii 


>0 

.NO 


OCflHj n + 


[donvativea of aui nitrophojiol (q_nmouio), OflH 4 



It IS 


liotioo possible to tell, from the moro coloar, to whioh of tlie bvo groups a given nltro-oompouiid 
belongs Wliou trno nitrophoiinls (ovoii in tl\e solid state) are slightly colon rod, it Is nssumoa that 
a nuuitaum quantity of tho aol uitroplienol is dissolved m a largo quantity of true iiitrophonol 
(solid solution) Also, tho fact that the colour of tlio Bubstanue la BomotimoH not intensified 
by bioi'onso in tho number of intro groups is oxplalnablo, not on tho old viow of tlio thooiy of 
uhrumophoree, but only by the now ihet^ oj iranBimiiinrh (tautomerisui) 



Xno oh 


Tlio teudonoy to tautomorio transposition may, indoed, be inoroosod or dimmisliod by tho 
onbry of now groups Thus, m Bolutions of nitrophenols and their salts, tho coloration Is not — 
as it would be aooordlug to tho modem tliooiy of ludioatora (see Vol I , p 100) — duo to loniflation, 
but rathor to tlio formation of oolourod tautomeno onmpouiids (aoi mirophonollo others) hi 
agroement with the old ohemioal thoory of liidioatoiB. 

It IB thus proved that the formation of oolourod salts and oolourod. ions derived from colourloas 
hydrogonatod oompouuds is of a purely ohemioal nature It Is oauBed Hrub of all by mtramoleonlar 
tninspoaltlnn, from whioh, by tlie aotion of a positive motal (solt), thoro results a nogatlvo qumonlo 
atomic i^upliig (ohromophuro), tho appooranoe of oolourod ions boing a secondary reaoUou 
Henoe the ootiona of ohromophore and of aojcoobroine oannob bo held to bo distlnot but are exerted 
togethor, botli of idiem (nitro and phenol group] oauslug the appearance of colour at tJie exponse 
of thoh mutual transformation, wliloh goiioratu a qninonio grouping ooiitammg iioithor nitro- 
iiorphonolio group 

These views may be extended to other groups of organic auhatanoos smoe, in gouoral, oolnurless 
ooids unohaugeable in oonstltutbn (» e , not giving tautomeno foriHH) give omy oolourloss ions 
and yiold oolourloss salts with colourless mot^o oxides, and uoIoutIqbb ethers and esbors with 
oolourloss organic radloais (alkyl and aoyl) If coloured Ions nud salts are doiivod from a uoloui- 
leaa alkyl compound, it may be stated with oortalnty tliat intramolooular ohoiigo ocoura 

According to £1 Sisohor and 0 Fisolier (1900) many oolonnng matters donvo tlieir nroportiea 
from tho proaenoe in tlie moloouic of qulnonoid groups, althoiiffii A. v Boeyor (1902-in(&) and 
Hautssoli (1905) showed that tho true nnlnoiio group dooa not always oauBo ooloratioiL (i c , la uut 
tho ohromophore), and Koatanooki and HaUer pointed out that* m addition to tho two corbouyl 


CO 


groups of the quinono, two othylono doable Uuklugs must bo present, 


HCl 


dikotohoxamothylone, 


00 




,UH 


, In fact. 




v 


OH, 


, which has not those double bonds, is oomplotoly ooluiuloss 


As a metoquinone wltli two ethylene double linkuiga cannot exist, buuIi mota oompoimds are 
luoi^ble of producing oolourmg matters 

Inirther, ooeordlog to WUlathtter's roaulte (1908), oonversion of tho bonzonoid to the qulnonoid 
foim Is nob auffloiont ra prodnoe mtonae ooloTation, smoe then the complete qninoiioid derivatives 
(lioloquinonold) should oe highly oolouied, whereas the benzoqiilnonos, like tho quhionlmbiea 
0 OgUi NH and NH C 1 II 4 NH, are only sllghtW oolourod. On the other liand, 
qulnhyuronoH, formed by tho condensation of qubiol and quinono vid the partial valonoy, are 
highly colour^ ooinpoonds 


OH O 0 ,OH 



(^Inol Quinono Qulaln'drono 

(ttuourloa) (yellow) (highly oolound) 



768 ORGANICCHEMISTRY 

chromogBn (contaiumg the ohromophoie N N ), does not coloiu l-exljlo 
fibres Binoe it is neutr^, wlulat its snlphonic derivative is a feeble colounng- 
matter Also the direct mtnoduotion of sulphonio groups into true ooloiiriiig 
matters usually produces, not an mtensification, but a dist-inct attenuation 
However, these groups, which are feeble auxochroines, give to tho colouniig 
matter an acid character which influences its behaviour towaids voiious textile 
fibres and thus, besides rendering certam msoluble colouring matters soluble 
m water, makes them suitable (either os they are or aftei salt-formation) for 
dyemg wool and silk directly m an acid bath , that is, they fonu tlio gioup of 
aaid dyestuffs The auxochronuo function of the sulphonio group moreases witli 
its proximi^ to tho chromophore group 

The basic auxochromes usually consist of ammo groups more or less substi- 
tuted by alkyl or phenyl residues, etc , and are transfonned undoi certain 
conditions mto chromogens, giving rise to basic dyestuffs which dye wool and sillc 
dueotly m a neutral or slightly acid bath and dye cotton only after tlus lias been 
mordanted with tonnm 

""^en suQilar auxochromes and ohromophores are both able to foiin salts, 
the salt-formation of the chromophore is the more important, as is shown by the 
behaviour of the rosanilmes ^ 


NH, 


N(CH3). 

/ 

DlnioLhyl-p-plio n y lono- 
(ooloiirlosa) 


NH 


N(aH8),. Hca 


DlmQthylqiil 
noocBdi Imlno 
(yoTIow) 


NH 




NH, 

I 

/\ 


\/ 

N(aH„), 


a 


Wmifltor'B rod 
(highly cdoiirod) 


These partially qnmonold oonipaunds are termed THflrujfuiTumoid The intense ooluur of 
magenta may bo oxplaluod by the afmultanooua preseuoo of a qulnonold nnoleus probably uniterl 
by partial ynlonoies to tho benzenoid group or groupe and, moroovor, to tho metliano oarboii 
atom 

With oortom gionpe of subatonoeB mtenjsiaoation of tho oolonr is duo more ospooially to a 
phenomenon of saU /omoaon, , with the rosamllnea, the base of moloohito groou and oryatol 
violet OolourloBs phenolphthaleln gives a rod sodium salt, and yellow alizarin booemos intonso 
vlnlot m alkaline solntlon In oortofn oaaea only salt formation annuls tho ool oration , tbus 
tho three nltroanlllnes are yellow, but beoome oolourless when BaliSod by an ooid, tho lattor 
^uLralyslng the auxoehrome ootioii of the amino group 

On formation aminoozobonzono gives on orange yellow colour for tlio a^oid form, 
OeH- N r N 0-Hd NHa,HCl, and a violet colour for the quinonoid from, OgHa NH N i t'-Ka NH, 
Ha 


Rosanlluie, HN 



oorreaponding basfi, p 721), 


0<^, and OB 



which u coloured, contains as oliromophore the group NH < 

\dh-oh^ 

Busoohromos two amino noaps. ^Hien the salt with a single molecule of HGl is obtained and 
tJie substance is dyed red, proof is given that the salt is formed with the Imino gronp of the 
ohromophoTe, since a red eolation Is formed on the Sbres. On the other hand, solta of rosaniliiie 
with 2 or 3 molecules of HOI, which form salts also with the anxoohrome amino groups, arc 
yellow but do not dye textile fibres y^low It oan hence be affirmed that the auxochromes 
do not unite with the fibres and hence have no action as salt-forming groups but only oontnbuto 
to inoreasa the baalo ohoraoter of the colouring-matter or even to mcroase the Intensity of the 
colour , this is clearly shown with safranine ^ee later and dlao otove, AmlnoftEobenzene) In 
g^eral, the union of an acid chromophore with a bosio auxoohrome ^ves colouring matters of 
slight ^tensitv t for instance, the nltroanilines are feeble and Uie nltrophenols more intense 
ODiourlng matters 

The replaoement of the hydrogen of the aoxoohrome OH by a metal InoreoseB the power of 
the aoxochrome, while an all^l or oromatio radical lowers it and an ac^ radical often a-thitiIh it 
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If tlio auxoohromo of a ooloumg-mattor la weak nud the chroinophore 
Btiong, 01 mcc vernd, the colounng-matter is generally feeble 

Kaufmann (1921) considers tiiat carboxyl and sulphoxyl, SO 2 OH, act 
as auxochiomes, not when tliey are united directly to the chromophore, but only 
when separated from it by either a benzene nucleus or a corresponding group 
The coiboxyl group, a weak acid auxoohrome, inoi eases the fastness of the 
coloui and often imparts the ability to form lakes witli metolhc mordants 

The mtro group acts os a chromophore and, when added to other ohromo- 
phores, lenders the colour foster and displaces it towards the blue A similar 
action is shown by the halogens, but lodme is httle used owing to its cost , 
bromine, which deepens the colour, is used for eosms and also foi vat dyestufEs 
Alkyl groups, as port of the chromogen, exert little influence, but render 
the colour more blue and more brilliant if they occur in the auxochromes os 
either alkylammic groups, as m Hofmann’s violet, or alkyloxy groups Similar 
behaviour is shown by orylammic groups, NHAr, as in onilme blue and alkali 
blues 

Colour m an orgamo compound was formerly regarded as being connected 
with the presence in the molecule of mtrogen, oxygen or sulphur, and the ooloiu 
of a few hydrocarbons was considered exceptional or due to traces of impunties 
Various coloured hydrocarbons are, however, now known Diphenylbutadiene 
and the two tetraphenylbutadienes, CflHg OH OH C(CflHB) 0(0gH5)a and 
C(CbH 5)2 C 0 C(0flHB)2, are colourless, but diphenylhexatnene and tetra- 
phonylhexatnene, CgHg OH OH OH OH C(0flH|5) 0(OoH5)a, aie yellow 


Perylene, 



, also, IS coloured 


Of more mteresb are the foUowmg hydrocarbons derived from fulvene 


OH — OH 

II II 

CH CH 

Y 


H J' C, 


CH— OH 

Jh Jh 

Y 


CH— OH 

Ah L 

Y 


OH— CH 

II II 

GH CH 

Y 



iHjCHs 0 OHgCHa C OoHbObHb C O^Hg H 0 0 „Hb H C 0^ 


PlujDylfulvono, Blniothylfulvene, 
doop rod onui^ yollow 


FIiQoylmothyl 
fulVQDO, lod 


Dlpbonylfiilvtmo, 

rod 


Flicnylbonio- Phcnyldlhoiuoful- 
fulveno, yellow voiio oolouriosH 


Many coloured fulvene derivatives were prepared by Courtot (1915) by moons of 
the Gngnard reagent 

These and other similar compounds oontam the/uJuentc chmmvhore or, mnro 
generally, at least three conjugated double linkings, —0=0— 0=0— 0=0— 

(Thiele, 1899) Of the two tetraphenylbutadienes {see above), however, the 


Sulifltltution of the hydrogen of the anxoohionio itTEg by alkyl rodioolfi rolBea the oolourlng power, 
while two aromatlo radicals sometimes lower It ooni^erably, oxoeptions bo this being shown by 
sulphonyl and pioryl, 0|H|(N0|)u which oanse the KHg ^np to osanme on oola oharootei 
The and ^ups also behave as aiuaochrtmaa . thus phonylliydrazino 

IS slightly yellow while aniline Is cokurl^, and mtrophenylhydrazlne is more highly coloured 
than nitroonlline, AntbrMtunone (f^tly odd olm>mogen) ^ves an intensely coloured derivativo 
with hydroeme groups The hydroxylamine denvatlveH ore fow in number and have been but 
little studied H jtn.Tifmfl.Tin (1911) has shown that two auxochromes reinforce one onobhoi 
when they ore m tho paro-posltion and to a lees extent or not at all when they are in the ortho- 
or meta poattlom This rule is oondrmed, not only by the greater intensity of tno colour, but also 
by the increased luminescence or fluorescence assumed by weso substanoea when they are exposed 
to ultra-violet rays (see VoL I , p 120) , in solution, only oompounds of the para series give 
direct fluorescence By the law of distribution it is proved that the maximum and Bomethaes 
the only effect of auxochromes In the para position Is exerted when the obromophore and 
auxoohroine are in Uie same benzene nuoleua 
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fuat contains only two conjugated double bnkinga and the second the liiilcing 
C = C = C = C, both of these compounds being colourless , the colouied di- 
ond tetra-phenylhexatrienes oontam three con] ogated double hnlaugs PeiyJeiu; 
contains six sudi linkmga and is coloured, whereas tetraplicnyletliylene is colour- 
less, as the conjugated linkings are not acoimiulated in r lestrioted nnoleuH as m 

f ierylene It is sufficient, however, to establish a conjugation between two double 
in king s of two phenyhc nuclei to obtam a jrellow colour, as m diphenyldibcnzo- 
fulvene (I), two such conjugations, as m cbphenylenedibenzofiilveue (II) giving 
a red colour 



The fact that phenyldibenzofiilvene is colourless, whilst plicuylben/ofiilvenu, 
with the same number of conjugated double hnkings, is ooloiued is exphuned 
Jiy the presence m the latter of fewei benzene nuclei and hence of a great oi 
accumulation of double Imkings (Kaufmonn, 1904;) 

As regards the constitution of dyestuffs benzemc double Imkmgs must bo 
distinguished from ethylene linkings, the latter bemg less saturated tlian the 
former and combining more readily with bronune and hydrogen owing to the 
residual partis! valencies (see p 620) 

For dyeing purposes the oolounng-mattera are placed on the market lu a 
state soluble m water, the auxochrome groups bemg converted wlioro possible 
into salts (e g , SOsNa, etc ) When wool (which is both basic and acid in chai ac- 
tor) IS dy^ with acid colours, since the basic properties of the wool aio usually 
not Buffioiently ationg to displace the metal (Nq) of the acid colour, an energetic 
acid (acetao or sulphuiic) is added to the hot aqueous dyeing bath, this Iibci’atmg 
the acid residue of the colounng-matter, which can then combine with the basic 
group of the wool to form a coloured stable insoluble salt m the fibre itself 

Thus wool ifl dyed directly both by acid and by basic colours (with the latter 
it IS not necessary to render the bath acid) Cotton, on the other hand, is not 
usually dyed by acid dyes but only by basic ones, and then only when the fibres 
are previously mordanted with tmimn materials and metalho salts 

During the pEist twenty years, however, mimerons neuirvH or 8^)iiUtnliVH 
dyestuffs have been discovered, capable of dyeing cotton directly m a neutral 
or famtly alkabne, but not acid, bath, previous mordantmg being unnecossary 
Many of these colourmg-matterB have a common benzidine gi'oup {see p 718), 
others contain a basic group (pnmuhn) and others a^om a phonoho group 
(cuxcurmn) Oolounng-mattera aometunos acquire tins property by mere 
accumulation of ohromophores m a single molecule (Rupe, 1901) The nature of 
the metal present m these colourmg-mafcters alters to some extent the properties 
and the affimty towards cotton, out this is always related to the capillary 
constant of the aqueous solution The precipitation of ihe unaltered colourmg- 
matter on the fibres is facihtabed by moreasing the osmotic pressure of the bath 
by the addition of considerable q^uantities of salts (NaOl or NagSOJ 

As a rule phenohe compoimds form weak ooloonng-matterB, but they have 
the property of giving mtenaely ooloured lakes with metals (phenoxides), the 
metalho atom united to the phenohe oxygen functioning as an energetic auxo- 
ohrome These colounng-matterB having no affinity for textile fibres, the latter 
are previously charged with metalho oxides [mordavts). Lakes of different 
colours are formed with different metals (Hummel hence called such colouring- 
matters ^lygm€tio\ but for practical purposes it is mdispensable that they 
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alioiild bo refliHtant to atinoapberio agents and to ordinary phyflico-cjhemical 
tioatment ^ The best among these subBtoncea ore those containing in the 
ortho-positiou either two phenohc gioups (OH) or one OH and one COOH, and 
of such those are boat m whaoh these groups are in the ortho-position with respect 
to the chromophore (Liebermann and Kostanecki, 1887-1893) and in whioli the 
aiixocluome is formed from iron, alununium, or chiomium Not all colonnng- 
inatters which give msoluble lakes con bo fixed on fibiea mordanted with metalho 
oxides, and this perhaps depends on the fact that only certain coloured lakes are 
capable of combunng with the fibre, the constitution of the oolourmg-matter 
{see Alizarm) being here also of considerable importance ® 

When basic or neutial colourmg-mattors are sulphonated with concentrated 
HjjSO^ acid (X)hunng-^mUefiS (Simpson and Nicholson, 18C2) aie often obtained 
In the form of soluble salts of the alloili metals, these can be fixed directly, 
m on acid bath, on animal fibics with the same colour as the colouimg-matter, 
the animal fibre foiming a kind of now salt , indeed the fibre assiuneathe 
coloui of the ongmal salt of the oolourmg-matter and never that of its free 
colouiod acid hberated in the bath by means of acetic or sulphuric acid {see 
above. Process of Dyeing) Those acid colours are fixed also by cotton, provided 
tlie latter is first lendered basic either by mtratmg and then reducing, or by 
oxidismg (oxycellulose), or by hydrating (with NaOH meroerisation), or 
by treating with NH 3 under pressure m presence of ZnCl® ( Vignon) 

Basic colounng-matters which owe their basicity to the chromophore and more 
especially to the auxochrome NHg, form salts with, acids and ore used in practice 
m the form of hydrochlorides, sulphates, etc , from hot acidified aqueous 
solutions of which wool and silk fix the coloured base These basic dyes also 
form insoluble salts with tannin, etc , so that they are capable of dyeing cotton 
— which has no affinity for basic dyes — lE this is proviously mordanted by 
prolonged immeision m cold solutions of tannm extracts (sumac, etc ), followed 
by fixation of the tnimm in another bath containing an antimony, aluminium, 
or iron salt, or gelatine In the subsequent dyeing-bath, the dye is fixed 
rapidly, even m the cold (the fixation is more regular, i e , slower, m presence 
of a bttle alum) The full (intense), bright colours thus obtamed on cotton 
resist the different reagents well but ore destiovod durmg washing by the 
rubbing In 1901 C Favre suggested the use of resorcinol and formaldehyde 
as mordanta m place of tannm ® 

^ III addition to what has boon alroody stfttod with roforonoo to tlio application of lakes, 
it may bo said tliat they ore derlvod from acid or bosio oolonnDg Taattera, ooloiirod jiigmantH, 
or oolourmg matters of tlie antbraqulnono group The soluble oold oolouilng matters are 
precipitated by salts of aoloitun, barium, sU'oQtinm, aluminium (uhlondefl), nmguoHlTun (snlpbate , 
oto Bolutlons of bosio dyes oro prooipitoted by tonnui, Turkey red nil, r^n, nr, more commonly, 
sodium phosphate or sodium arsonato AnthraquLnoiio dyes (allzonu, omrulom, oto ) form lak^ 
with greater dllfloulby, and it in nGoeesary to obao^e rigorously tho pmiier temperature uouditlons 
In preparing lakes, great imporbonoe attaches also to the Hubstanco on -which the proolpitoM 
lake is dopc^tod or -with which It Is mixod (aluminium liydroxido, barytes, kIiio or lead white, 
forrlo oxide, fresh aluminium silioato, etc ), and of those, tlio ones more easily docouiposablo 
by dilute acids retain -tlie oolo-ur bent Lake formation Is hence not a simple absorption 
phenomenon but also a chopiioal plionoiuonoii 

* There are oortoin subshuices wliloh are fixed on mordants oyoii if they eon tom no liydinxyl 
groujM, Buuh as 1 4 0 8 tetra alphylammoanthraqumonGs (R ==> an oUphatio group), 
NHR NHR 


The ooiroaponding totrohydioxyanthraquinones show offlmby only for 

JtHU NHR 

boryUium mordants, witli whioh they rive a deep blue lake, whereas 1 4-dihydroxyanthraquiuone 
dyes -well -with various mordants. Werner showed that even oolonrless substanoes may oolour 
oertom mordants , thus, dlmethylglyoxime yields a deep blue oohmition with nickel mordants 
owing to the formation of oomplex metalllo srits (see VoL I , p 848) 

* Behaviour of Colouring-Matters towards different Fibres and Mordants according 
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PHYSIOLOGICAL ACTION OF DYESTUFFS Certain dyeBtuffa, ovou 
dilute solution, are very readily fixed by cellular protoplaani and may o»ii 
death , thus methylene blue is used for stammg bacteria aud othoi microHcoj 

to Noelting If a skein of wool, ailk, or cotton Is ImmorBod for some liunrs in a Holnb 
of a basio femo salt, the fibres assume a brown colour, haying lixod a certain anioi 
of femo oxide or baaio salt. Tho same holds generally for all salts oF oxides i orros^iondlng w 
the farmuLi BgOj The salts of protoxidoa (RO), e g , those of copper, iron, inaiigniiows iiicl 
cobalt, etc , especially the tartrate or In preaenoe of tartar, aro fixed by wool or silk, but not 
all or but slightly by vegetable fibim 

Not only metallio aalta, but also certain organic substances (tannin niaicnals) and salts 
hydroxyolelo and hydroxystoano (sulpho oleates) acids, can bo fixed by fibres 

A largo number of colouring mati^ ore fixed directly on animal llbros lii a nontral or a> 
bath, more rarely in an alkniHun bath. To this group belong the nltro derivatives <if the phon 
and aminos the azo, baaio, and acid dyes , baSo, acid, or sulplionatcd dorivablvcH of triplicii 
methane, oertam phthalems (finoresoe^ and eoain) , tho aminophonayincs, safranln 
thiomdanwea, plienoxozine derlvatiyea (gallocyanine and Moldola’s blue), plu^jiylaf rid I 
complexes (phoaphme), qmnolme complexes (oyaniiie, quinoline red, qiimoplitliolono), liydra/id 
osazones (tartrazme), ketonimldoe (auxamlne) and, among tho natural oolunrH, indigo caiinii 
berberine, safflower, sa&on, archil, and oateobu Almost all of those dyos arc fixed in niiiiln 
quantity or not at all on vegetable fibres Those which arc fixed by tlio latter ara loss mimorf 
and include a first group of aubstojiaes which ore fixed only with olffloulty (bettor Avitli tnnni 
ag , oeiimu aminoazo compounds, phenylene brown, ohiysolduio, metliylono blue, VhitorJa bli 
sofranlne , a second group ^ed stably and directly and oonsfutlng uf iininormiH azn donvatn 
of benzidine, tohdlne, maminostUbeiLe, p-phonylonedjamiiio, naplithylonodlanimo, dianni 
azobenzene, dlammoozoxybenzene and Its nomologuos, dhunlnodipnenyfamino, oannrino (uxlti 
tion product of tMocyonates], and the sulphur dyes of QrolssaJit aud Drotonm^ro , a third gro’ 
which do not dye wool, cotton, or silk directly but give bright fast colours If tlioso ilbi'os (ospooial 
with wool) ore previously mordanted with salts of iron, aluminium, or ohromlinn HUcli o 
oertam phtholei^ (gallem), denvatiyes of anthraquinone (ollzorm, purpurln, alizarin oraii^ 
anthrogallol), anthraquinoline (alizarm blue), phanoxyanthrandl (ocorulom), and almost all t 
natural colourtng-maUers (logwood, coohmeal, queroiti^ cudbear, sandalwood, etc ) Noclbii 
gave the name aubalanttve dyta to those whtoli dye animal and vcf^etable fibres dlnxitly and th 
of ad'jeciwe dyoa to those wluoh dye tiie fibres omy after mordontma 

Certain dyeatufis ore fixed directly by wool and silk and only iudirootly by cotton, i win 
the latter has been mordanted Such ore ffaJloqyonme and various carboxylic acids of az 
oon^nnds In dyaiiig with anibns 6ZacA, -Uie fibre fixes both iJie anlUne salt and also tl 
oxidising agent, the lat^ oxidising the anilino on the fibre with formation of an insoluble anilli 
black. Dyes which ore not fixed aireotly by cotton, dyo it only after mordanting wltli taim 
or snlpholoio acids if they are bamo m obamotier, or ^er mordanting with mctallle oxides, 
or without aulpholeates, if they are amd 

Thirther, vorions substantive oolonring-iiiatpterB have the property of fixing others on tlum 
for mstanoe, ohrysamlne and onnarino, which ore yellow, fix boslo colouring niattors, sucli i 
magenta forming an oron^ malachite green forming a yellowish green, and methylene bli 
forming a blue colour All the bensidln© colours have the same property, to 'wliloh Nneltli 
^ves the name aecotidarii dyaing, a term applicable also to all dyeing with mordants Jilre< 
dyeing would then be pntiuwy dy&,ng 

In some oases a third ooloumg-mattar con be superposed , for instance, tlio violet lake i 
alizarin and iron combines with methyl violet giving a brilliant triple lake Tlio red lake t 
alizarin, alumina, and lime, whloh la nob very bright and rather opaque, Is rendered brilliant an 
more fast by the fixation of a sulplioleate, whioli forms a quadruple lake ; finally, this can sti 
fix tm from a soapy solution of tm salt, a new lake with five oompononta being formed. 

If a fabric removed from a solution of a basio iron salt, Instead of being washed immediatol 
(In which ease it becomes yellowish), Is treated directly Trith alkali or soap (or with a soliUlo 
of a salt tho acid residue of whloh forms an insoluble oomwimd witli oxide of iron), It beoom< 
much more intensely coloured and the quantity of iron fixed by the fibres Is considerably Inoreosoi 
Oxide of iron oan be aooumulated on the fibre, not only, as just mentioned, from an alkaline bail 
but also by impre^tlng the fibre ita^ with ferrous salts of volatile odds, t.g , the ooetat 
and then eipoamg it in the moist state to the air The ferrous Kilt is thus converted into iM\ 
ferric salt, this in warm, moist olr losing part of its odd and undergoing change Into an insolubh 
highly baaio salt, which is not removea irom tho fibre even by repeated washing 

In coder to hdp the action of the oir and render a larger quantity of basic wit insoluble, th 
fibre may he passed Into a bath of cow-dung or lime and potassium silioati phosphate, or orsenatt 
Aluminium salts are shmlarly rendered Insoluble by formation of a basic salt. Tho bad 
o^omlum Is fixed by a suDsequent bath of aodhim carbonate or, better still, by impregnatln 
the tissue with a solution of chromium seaquioxlde In caustic soda and exposing It to tte oli 
the caustic alkali being thus converted into carbonate, which precipitates the sesquioxldo c 
chromium , mstead of exposure to the oir, the action of steam may^ ompbyed. Qhromou 
oxide u ™aipitated by simple w ashing of the impregnated tissue with a tm siSt. Sulphorldnat 
is ilx^ by sedutions of aluminium siuts, and tannm by solutions of tartar emetic or ferric o 
aluminium salts. 

The action of a chromate bath on catechu is twofold ; first, the catechu undergoes oxidatio 
wm oonsldorable darkening and then oombmation takes place between the oXh&tion produo 
and the chromium sesquloidde resulting from the reduction of the chromate. 
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preparatioiifl Formerly, when prepared wih arBemous acid, triphenylmotliane 
dyes were poiaonoua More or less poisonoufl are Victoria orange, aurm, metaml 
yellow, safranme, orange 11, fast yellow, Martius yellow, methyl orange, 
magenta, aondme led Methyl violet and auramme are used m ophthalmology 
and surgery as a baotenoide, and methylene blue (base) is employed as an internal 
aualgesio m oases of malaria, carcmoma, etc 

The use of the potassium derivative of dinitro-o-oresol (antmonmn) has been 
Huggestcd to combat the growth of fungi m moist situations and on beams If 
fluoreaoem is mjooted into the hvmg body it turns yellowish-green m a few 
imnutea, wlulst if the body is dead, no change occurs The use of zmc, copper, 
baiium, etc , salts for salt-formation gives poisonous dyestuffe 

OSTWALD'S NEW THEORY OF COLOURS AND THEIR NUMERICAL 
DEFINITION (1910-1920) The perception of colour is a psychic phenomenon 
Absolute colouis are those apparent in a dark field, as m emission spectra [see 
Vol I , p 07), that IS, pure colours uninfluenced by the white light of the sur- 
1 oundings , latter darkens the colour, what is observed bemg the rdative 
coloui resulting by refloctionfl from the lummous surfaces present m relation to 
their mtensity and eictent Thus, if a bri^t orange-yeUow disc is projected on 
to a dark screen the colour appeal's m aU its punty and brightness, but if white 
Iiglit IS projected all round the disc, the latter appears chestnut-colour, that is, 
IB darkened In practice these Tdative colours are the more important 

Distmotiou must also be drawn between nof}r(A.romat%o colours, ^ e , greys 
comprised between white and black, and chrwnatio colours^ comprising the rest 
(reds, blues, yellows, etc ) White is the colour which gives a ooimlete diffusion 
of the mcident light (typical is precipitated barium sulphate) The ideal black 
is that observed on looking mbo the orifice of a dark wooden box, Imed witli 
blaok silk velvet, but the moat mtenso black practically obtainable m painting 
still reflects 2 pei cent of the light ^ A grey formed of 51 per cent of ideal white 
and 49 per cent of ideal blaok appears very hgbt, whilst that appwLnng to the 
eye to be the time mean between black and ^mte reflects only 14 per cent of 
the light , this IB explamed by Fechrier's law^ according to which the exoUation 
on the organ of sight should mcrease in anthmetio ratio, beoauae the sensation 
increases m this way The fact that the jnxicticcd mean grey is formed of 14 parts 
of white and 80 of blaok being established, it is possible to moke up the whole 
scale of greys by fixing types judged by the eye 

Similarly, with the d^omatio colours, we can form a graduated colour scale 
by arrangmg the fundamental colours (yellow, red, blue) at equal distances on 
the oiroumference of a circle and interpolating mterm^iate coloui's between 
these In this way is obtained a (Aromatic oir^, m which the differencea are 
greatest for two colours diometnoally opposite, these being known as com- 
jilementary colours^ smee an optical mixture of them yields a neutral grey 

11 two moderately near colours a and b on the cniomatio circle are chosen, 
it is always possible to find experimentally a colour c which, when mixed m an 
equal amount of a, gives 6 , iiie distance on the circle between o and b equals 
that between b and a Hence any colour be analysed or defined by this 
system, but to make such mixtures it is necessary to be able to determine and 
cfefine the pure colour which lends itself to such nurture To this end Ostwald 
supposes that every practical chromatic tmt is composed of a mixture of white 
(tc), black (6), and pure colour (p), so that u? + 6 -|- p =* 100 For a pure colour, 
w ~[‘b = Of whilst foi a grey, p is zero one + 6 = 100 

In practice no pure colour, giving a single coloured hue in the speotrum, 
oxiBts, the range of wave-lengtiis being moderately wide, and Ostwald states 

^ To the queetLon, la black a colow f Ostwald replies that in the region of abadlaLa odtoura 
blaok does not exist, bnt in that of relohve ooZours blaok u a oolour, since it does not represent 
total absence of Imninous emanation , this emission may be very sll^t (even only 0 0 per cent ), 
bnt is perfectly determinable* 
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Orange 


tliat any pure coloiu praotioally conaista of wavea coiioHpoiulnig WJlli tlio 
of its chromatic circle 

The practical procedure for the qualitative and qiuiii1itAti\<‘ dohuiti(ni luul 
analysifl of a colour is as follows A (‘onlinuoiiH 
Bpectriini is projected on to the coIoniLinii , 11 h» 
part ou which radiations of Ukj Maine loloni 
impinge should appeal white, hut aclually iqijM'iUM 
a greyish white which cjui he jmulvHed hy 
conipaiing it with the Imojii HCide of 
correBponding with known pcKuiikirgeH of wliito 
and black It can then he aihiined tliiit, in the 
colour analysed, thoie is as inncli lilac k as Iluaci 
IS in this grey Tlie peicoutage of while iii lla^ 
ongmal coloration is detejiiniied liy illuniinalnig 
the latter with that pait of the sjn'diuni wlnc^li 
correaponds with its coinpleinenljiiy colcaii, lliis 
being easy to define as it makes the coloration appeal hlaok oi, inoie 
accurately, very dark grey The percentage of white in tins (laikguy and 
hence the amount m the original colour ore them asLui'liiiiiud hy coin- 
parifion with the linear scale of gieys Tlie peioentagos of hhuk (h) and 
white (w) being thus determmed, that of the pine coloui is = JOO — — /i 

For this analysis, the spectnim used may be replaced by a tiaiispaient (chro- 
matic screen, through which the colour to be auulysotl is obsaivcd 

Oatwald has collected the principal laws of tlie new tliuoiy lu a cohur 
and has added an atlas of about 3000 coloui a, so that the analysis of any c^iloiii 
may be made hy simple comparison He has prepaicid also a miicnuiuil ( hi oi/z/z/ic 
circle containing 100 gently graded 
colours, any two complementary 
colours ^ occupying polar positions 
The positions of the 100 colours on tho 
circle are mdioated by the numbers, 

00, 01, 02, to 99 To render the ohorac- 
tensation of any tmt more easy, 

Ostwald has prepared, for each of the 
100 colours, an equilateral triangle, the 
vertices being occupied by pure coloui 
(P), pure white ( W) and pure black (P) 
respectively (fide Fig 470) To synthesise 
any given coloration, that point m one 
of the triangles is ascertained which 
agrees exactly with the coloration 
The straight hue joining this pomt with 
the apex p is contmuod to meet the 
opposite Bide, lob, at a point mdicatmg 
the grey which, together with the*pure 
colour, Pj gives the coloration under 
mvestigation 

Ostwald has attempted to determine 

oolorationlH pK.iluooU 111 tho eyo by 
superposition fmdammtri colour sensotlonB At the vortioos ui Maxwell’s trlnnKiilar 

coiou™, rod, yoUow 



40 60 

EquI blaok aoala 


flqui ooloup 
aqui white 
oqui blaek 

Fifi 470 



wu by 1 

w^ta--Ej»ens^-^ns^^ «SST2 JZ'of 00^111^ 

ooloniB, the angle between two adjaoent colours being Ifl® el pioraenvary 

and eompming 14,421 oobuis, and from this Valotto 
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laws conceimng the so-called Uarinony of colours He points out that every pure 
colour may vaiy its tone ^ m tluee ways , m Uie lutousity or value of the pure 
colour, thus foimmg the equi-colour scale , m becojiung lighter owing to the 
presence of more or leas while, thus forming the equi-white scale (Wemgleu:1ie 
Reikm ) , and ui bocommg darker owing to the presence of moie or less black, 
the equiblack scale {Sdhwai'zgle^chc Beih&i) being foimed For the quantitative 
definition of the eqiu-coloiir scale the chromatic circlo may be divid^ mto eight 
principal zones of coloui, starting from yellow (yellow, oiange, red, violet, 
tiuquoise, sky-blue, green, and yellowish gieon), and each of these eight zones 
may be subdividod mto three components, the twenty-four components thus 
obtained being defined quantitatively by the foUownig divisions of the centesimal 
chromatic circle 

Zone 

Yellow 
Orange 
Bed 
Violet 
Turquoiflo 
Sky blue 
Green 

Yellowish green 


Compononts of each 

zone 

1 

2 

3 

00 

04 

08 

13 

17 

21 

25 

20 

33 

38 

42 

46 

50 

54 

58 

63 

07 

71 

75 

70 

83 

88 

02 

06 


In this manner each tmt is standardised, and to indicate the wlute and tlie 
black entering mto any colour to be synthesised the iiilea mdicated to establish 
harmony m the non-chromatic colours, % c , the greys {see piocedmg note), may 
bo followed 

For instance the tmt with the colour %7ide^^ 172, is that occurrmg in the 
orange zone in the second component and contains os much white os there is m 
the grey Z, and os much block as m the grey g The content m white may range 
from c to p, and that m black from a to n, and as tlie second letter should always 
be less than the first, for every tmt there are 28 derivatives differmg m their 
contents of white and black. Hence for the 24 fundamental colorations of the 
precedmg table there wiQ be 24 X 28 = 672 chromai/io sta^idards, which ore 
sufficient to satisfy all piactiool demands 

Foi each colour there exists an isochromw irurngle^ the chromatic mdices for 
the tiionglo having the same number whilst the letters exlubit all possible 
vanations The colours may, howevei, be disposed so that the letter remains 
constant whilst the numbers vary, the icaultmg eqmvalefnt cfirde having equal 
contents of wlute and black 

The principal rules of h(^rrnmy %n colours are (1) Any colour may he 
replaced wholly or partially by those of its equi-colour scale, and (2) Any colour 
may be replaced completely by the colours immediately adjacent to it m the 
chromatic circle In general, harmony m colours depends ni'stly, on the con- 
tents of white and black and, secondly, on the pure colour itself 

Durmg recent years vanons attempts have been mode, without practical 
success, to utiliae the colouring matters produced by certam cliromogemo 
hacLena^ eg 'prodigioma 

^ More Hiinple are the rales for oetabllahing liarmony in ihA non Gh/romaho coloura (white, grey, 
hlook) If the linear aoale of the gre]^ (sm abwit.) is dl^edmto, eay, 20 equal porta dlstlu^tahod 
by the letters a, b, a, eto , a will represent white ond 6 a very grey, while beyond I me grey 
becomes oJmoat block and i reproaenta the most intense black realisable m painting For praotiooL 
purposes these grodotionB ore too close, ond the alternate ones, a, c, a, etc , suMoe. Suoh 
gra^tions, atUl equidlstout, dominote the whole remon of tho m^ys Arbitrary auperpoaltlon 
of three dlfEerent greys may produce on effect of mconeienoe or dtsocra, but harmony u obtamed 
if three equidistant gradatfona, auoh a 80 ,s,( 7 ora,g, n,are chosen 
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‘ MANUFACTURE OF COLOURING-MATTERS 

Since 1856-1860, when Perkin in England made mauveine and Renard 
and Frank m France made fuolismo (magenta) on an industrial scale, sciontifio 
progress m colouring-matters has advanced pan wiijli the industiial 

development 

In the history of the artificial colouring-matters, side by side with tho names 
of the scientific men, such as Perkin, Williams, A W Hofmann, Graobo, 
laebermonn, Baeyer, Witt, Nietzki, Noeltlng, Coro, etc , who laid the first 
stones m this marvdlous diemioal edifice, axe those, not leas worthy, of tho 
brilliant and daring mdustnal workers who, by uninterrupted energy and the 
application of ingemous piocesses, carried these theoretical discoveries mto 
the larger field of mdustiy and oommeroe 

The dye mdustry, although not bom on German soil, has there reached its 
greatest development and home its richest fiuit, fax m excess of the dreams of 
its founders This result has been reached m Germany as a result of vaiious 
fortunate crcoumBtances ^ 

^ At fiiBt Fmooe was at the head of the amlme dye Industry, with numerous pioneers, snah 
as Verguin, Benord Brothers, Frank, Polmor, Guinon Mamas and Bonnet, Coupler, Qiiiu^ and 
de Loire, Boubimy, Fersoz, Bordv, Louth, Kopp, Hoseristlel, Boussln, eto , but of aU these vury 
few hove been imle to withstand the wonderful organisation of the lor^ German mauufaetiu'ers 
Even. EMlnnd, the cradle of the induBtrv, Is now In a poflitloa greatly imonor to tlmt of Germany 
The Hii fingliflh footones working in 1013 employed altogether 86 onemisba, whilst tlie six hugest 
German, flrma employ 600, bealuea 860 oii^eoi's and teohmool directors. From 1886 to 1900, 
the TCfigbsh Qnos took out 80 poteuts, whim the six more important German ones took out 048 
The prlndipal English firms produolng dyes were Brooke, Simpson, and ^llior, London , 
The Clayton Aniline Ckimpony, Manohoster , Read, Holliday, and Sons, Limited, Huddersfield, 
and I l^Yinstem and Company, Limited, Manoheeter 

The German films which enjoyed abnost a mono^lv of the world’s trade In aniline colours 
were (1) Badisohe Aullin uiid Soda Fabrlk, Ludwirahofen , (2) Forbonfabrikion vormols 
Bayer und Co , Elberfeld , (3) Farbworke yormols Meiater, Lucius und BrUnlng, HUohst { 
(4) Leopold OaseUa and Co , Fraj^ort , (6) Aotien-GesflUaohaft fOr Anllln Fabrlkatlon, Berlin , 
(6) KsUe and Co , Biebnch , of less importance ore the firms of Oehler in Offenbach, Leonliordt 
of Miilhelm, eto Firms (1), (2h and (6) work toother to regulate tho output and trade, and 
the same is the cose with (3), (4), and (6) In 1616 these two federatlonB, together 'witli other 
companies, umted to form a indicate, termed the IntereBsencemelnBchaft, ^vitll a capital of 
1,000,000,000 marks In oonneotion Avith this syndicate another company was formed, with 
a capital of 500,000,000 marks, for the manufacture of syntheino ammonia The dividend paid 
by (ihls vast orgonisatioa was 12 per cant, in 1018, 18 per oant. m 1010 and 20 per cent in 1020 
Of the German factories, the Badisohe Anilin- und Sodo-Fabrlk alone, with a capital of over 
£1,400,000, employed in 1008 about 8000 workmen (in 1806 less than 6000 and In l966, the first 
year workh^, 30), and more than 100 ohemista and 76 en^eors , for more than 20 years 
before the war the dlTidendspoid by tills oompany had been abont 20 per cent. 

The Bayer Company of Elberfeld employe^ in its various works, 170 chemifits, 86 ongineors, 
and about 6000 workmen Its prinoi;^ works were origliially at Elberfeld, but tho moat 
important of their manufactures — oolouring-matterB, pliarmaoeutfoal and photographic materJols 
— were transferred several years ago to a new factory at Leverkusen, near C^ane, which ocouplos 
an area of 620 heotorffl and in 1012 found employment for 4000 workpeople Tho oompany, 
BtartinK from tlio Idea that the emvloyer outes 0 the emjjiouee more iJian hia vagea, has oroatM 
a numW of institutionB which m 1012 represented a total capital of £000,000 Among these 
woB a library of 12,000 voluinea used by 44 par cent of the workpeople, toe books demanded 
lu 1007 consisting ^ popular works on solentlfio subjects to toe extent of 62 per cent and of 
miBceUaneouB litorature to toe extent of 48 per cent. , toe library oommlttea oonsists of chemists, 
engineers, and workmen. Five hundred baths were built, 160,000 baths being token annually 
There were dormitories with beds at 2^(2 per nl^t, refeotorlsB which supply^e three meals of 
toe day to men for a Bhilltng and to boys and girls for oA There were airo fiee technical schools 
and sanools of art and mu^ A lying in hospital (also for wives of workmen not enjoyed in 
the factory) cost £7200, toe annual expeoBes being £1600 A ball for toeatncol pertoimonoea 
and oonferonoee, another for leotnres, oonoerts, eto , and a third for oonferenoes of workmen, 
cost £18,000 ^ere were alokuees funds, saving banks, and a hfe insnranoe soheme, supported 
to toe extent of two thirds by the funds of the oompany , also old<^e penslona, and accident 
funds in addition to toe State fund, the oompany paying ror the first three wys afto toe accident 
paid by toe insuranoe oompanias) and supplmenfing toe legal payment by 60 pjsr cent, 
sale of elooholio drfnks — Inmuded — faroidden In the reuotonea, but oofiee, tea, 
TTiilk, eto , ore obtainable at very low pnoes On all these institationB toe Bayer Clompany spent 
more than £80,000 annually and was yet able to pay its shareholdera a dlvlde|id of 26 to 80 per 
oent. on a oapltal of £1,200,000 

The Bolenttfio and teohnloal work of the oompany is indicated In toe 4000 patents filed np to 
toe year 1007 
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To the ivorld'a ouLpul o£ dyestufis Gbimany contributed in 1913, 76 per cent , 
Switzerland, 7 6 per cent , Great Britain, G pei cent , France, 6 per cent , 
United States, 3 6 per cent , Austria, 1 G per cent , Russia, 1 1 per cent , and 
Belgium, 0 6 per cent 

In 1912 the total amounts of the prmoipEd dyestulfs made were 


tons 


Indigo (100 per cent ) 

8000 

at 

£400 

per ton 

£3,200,000 

Sulphur, black 

16,000 

at 

£80 

II 

£1,200,000 

VonouB sulphur dyos 

6000 

at 

£80 

II 

£400,000 

Azo dyes 

60,000 

at 

£80 

II 

£4,800.000 

Triphenylmothane dyes, etc 

10,000 

at 

£240 

II 

£2,400,000 

Ant raoeue dyes, eto 

0,000 

at 

£240 

II 

£1,440,000 

Various dyes 

6,000 

at 

£120 

19 

£720,000 

Total 

110,000 


Total 

£14,100,000 


Of these, the United States consumed 26,000 tons , Great Britain, 19,000, 
Germany, 16,000 , France, 9600 , Russia, 10,000 , Italy, 8000 , other countries, 
22,600 

The prime matenals for dyes — ^besides sulphuric, mtno and hydrochloric 
acids, sodium carbonate and hydroxide, ammonia, lime, etc — are the various 
aromatic hydrocarbons obtamed from tar, which may, however, be first trans- 
formed mto substances more active ohennoally (phenols, ammea, etc ), i e , the 
so-called \nlemedi<Ue8 

The fundamental reactions to which the distillation products (benzenes, 
phenols, naphthalene, pyndme, etc ) of tar are subjected consist, m general, of 
nUration, rediiciion, difizotiaat-iorif sidphonaLionj fuMon with caustic soda, 
chlormatim, and oakdation 

These reactions lend to mtermediate products very near to the true oolourmg- 
matteis Thus, mtrobenzene and its homologues yield aniline, toluidme, etc , 
by simple reduction with iron turnings and hydioohlonc acid, and amlme 
then gives diphenylorame, dimethylamline, aulphamlic acid, etc 

Oxidation of orulme, toliudme, etc , gives fuohsme (magenta), safranme, 
methyl violet, etc The mtroonihnes aeive for the preparation of azo-dyes, while 
the action of sulphur on ammes leads to pnmuline and the new class of snlphui- 
dyostuffs 

With another reducing agent (Zn + KOH), mtrobenzono gives other 
products (hydrazobenzenea, etc ), from which other classes of colourmg-mattora 
ongmate 

A further important reaction consists m the mtroduction of sulphuno acid 
residues (sulphonic group, SO 3 H) into benzene (or naphthalene) nuclei m place 
of hydrogen or other groups by treatment of benzene derivatives with con- 
centrated sulphuric acid The resultmg sulphomc acids are of great importance 
and often decide whether a dyeatufl is acid m character and hence able to dye 
wool and silk directly m an acid bath, or neutral (or almost so) and capable of 
colourmg cotton directly, or BtiU basic and able to dye cotton mordanted with 
tannin or wool and silk directly m a neutral or famtly aUcaline bath 


Many of the Buflalon and French footorioa wore branohea of Garmon ones 
In of mognltudo, the German dime ore immediate followed by those of GeLinan 
Switzenand (Basle) Gesellfiohaft ftir ohemisohe Induatrio , Durand, Huguenln Co , Golgy t 
Kem and Sandoz, eto 

Burins the Eniopeaji Weur, when Germany was isolated, attempts were made In France, 
Great Britain, Amenoa ond Italy to devel^ the manufootnre of dyestafts, oafilebanoe being 
accorded by the respeotlye States In the United States such, attempts met with oonsldorable, 
if not complete, snooees* In (h^eat Britain variouB projects wore supported to the extent of some 
xnilllonB 01 pounds sterling without, howeyar^ aohieying idl the rtssulta desired, and this oonntty 
IB for from being emancipated from Gherman importations 
yoii. IL 
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The Bulphonic group, in its turn, may be leplacod by hydroxyl by fuHif)]i 
of the aulphomo acid ■with caustic soda, this being a veiT nuportant leaction, 
as it allows of the ready preparation of resorcinol and of alizarin Tlio Oil 
group may also be introduced into the molecule directly by moans of tlu^ 
Bohn-Sflhmidt reaction, which consists m treating various flubstancos iii tlio 
hot with sulphur tnoxide dissolved in concentrated sulphuric acid 

Oxidation is likewise of great value and was first used foi preparing magiuil iv, 
aafranme, etc It has been found that naphthalene can bo oxulisod with 
sulphuric acid m presence of mercury, giving phthalio and anthrauilic a(UflH iii. 
a coat so low as to admit of the competition of artificial Indigo with tlio natural 
product (fiee p 760) 

The methods of dyeing textile fibres are becoming ciontiunally inon^ siinjibi 
and more certain and capable of giving the most varuKl coIoiuh Nowadays 
stable dyes can be produced directly on the cotton fibre m a single opoiatioii, 
startmg with simple chemical reagents 


CLASSIt^ICATION OF COLOURING-MATTERS 

Nietzka divides the artificial organic colouring- matters into the following 
general groups, with reference especially to then chemical oonipositioii 

I Nitro- colouring matters II A^o- coloimng-raattorfl III DerivativcH 
of hydrozoues and pyrazolones IV HydroxyqumonoR and qumonooxniios 
Y Diphenyl- and iiiphenyl-mBthane colouring-matters VI Deiivatives of 
q^onnmde VII Anilin e black VIII Qumolino and aoridmo deiivativim 
LX Thiazole colounng-matterB X Oxyketones, xanthones, llavones, and 
coumanos XI Indigo and Bumlar ana other natuial coloiuuig-inattoiH 
XII Sulphur colouniig-inatterfl 

For practical dyeing, however, more importance ib attaohod to the division 
into the following five groups on the baflis of the behaviour of the colouring- 
matterB towards different textile fibres, emce m practice it is more nupoit-imt to 
know if a colouring-matter is basic or acid, or if it dyes wibh or ■without moidaiil , 
than to know if it ib a nitro-oompound, qumone, hydrazone, etc 

1 Basic colounThg-maUers, which m a neutral bath dye animal and vegetable 
fibres , the latter ahould, however, be pre^viously mordon'bod with taiitiiu 

2 Add colounng^tmUers^ which dye animal fibres m an acid bath 

3 Adjective or ffhovdant colours f}g-iruUl€T8, which dye fibres mordanted witli 
metalhc oxides (of iron, chromium, aluminiuni, etc ) 

4 Almost neutral or avbsUmtive colouring-mifleTs, which, as alkali sails, dye 
vegetable textile fibres directly, without mordanting 

6 Insoluble colounng-imiters or pigments ore foimed directly on tlio flbi’o 
i e , are uaed for vat-dyemg or are developed on the fibre ' 


L NITRO-COLOURING-MATTERS All the nitro doiivativoa of the amines ami 
phenols are energetic dyestuffs, those of the phenols eapedaUy being markodly add oolour- 
^ ma^, since the chromophorA NO* remforoea the add oharaotcr of the OH moup 
Even the basic su^oea may become add If many NO, groups are preaout. It la partl- 
ontoly the adte of theao compounds which are oobured, p nitropheuol, for example, is 
ooJourleaa whilst its salts ore yeUow ^ 

coloration of the mtrophenolB diaappoare if the phenolic groups are ethorifted bv 
aifeyi groups, ^ ^ j 

O^oproduete (OH NO,= 1 2) are the more important 
^d the more higMyoolomed. Examples are Picric acid (irwtirqplMmol), C,H,(NO»), OH. 
/Sn dmitronaphiholeul^lwnio ooid, OioHj(NO,){NO^(OH) 

(OH^NOj), ^ ^ ^ Viotoria oraago) = dimbroorMol, 0,H,(0H) 

n. AZO-COLOURING-MATTERS The aao ooburmg mattem, unlike other groups 
unportanoe, not only owing to the number that can ^pro- 
duoed, but eq>eoiaJly because the gradations of ooiour and the stability can be modMed 
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at -vvdlL ThuBp tlio azo group inoludos suh^ntwe dyeduffa, whioh dyo oottou without ft 
mordant, wool oolounng mattora fast to milling and to sulphuimg, and stable ocljootivo 
dyes Buoh os alizonn 

Their bosio oliromoplioro is — N = N — oud the ohroraogen, R — = N — R^ K and 
E*' being aroinatio rodloolfi 

These oompounda form the largest and porJiaps the moat important group of artiHouvl 
oolouring matters They are not of thoinselv’es (ospeoially ui the ease of tlio moio simple 
ones, BUoh as azobenzeno) lutense dyostuffs, but they become suoh on the intiwliiotiou 
into the benzene nuoloi of acid (OH) or basio (NHg) auxochromos, and with iiioroaKu of 
the number of these the intensity moroaaos, pasahig from yellow to rod, to blue or to brown 
Blues are obtamed with several oliromophoroa — N = N — (di- and tetift azo-ooinx)ounda), 
while naphthalene groups give I’eds The higlior the molooular weiglit the more intense 
beooinea the ooloiu 

Ll oertain oases it must bo assuinod that these auxochromos are united in somo way 
with tlie ohromophore, and, sinoo ^-naphthazobonzene no longer exhibits phonoho choraotor, 
Liobormann attributed to it tho atruoturo CjHg — NH — — CinHs, instead of the ordinal y 

\/ 

0 


oonsbltutional formula CoHb K N 

Cortalu azo-oompounds show boliaviour rooalling that of quluones and ketnnoH, e.g , 
they combine witli sodium blsidphita In suoh ooso, the formula is represented lliiis 
CflHa NH N CeHioO 

Almost all ozo oompoimds clifisolvo in ooiioontrated sulphuno acid, giving a ohariio 
tenstio ooloratiou, whloh, in general, serves for their reoogmtion and dlstinotiou from otlier 
oolounng matters (au Table kU&r) 

Substituted ozo oomiwunds are always obtained by coupling a diazo oorapound with 
a phenol or with an ammo, and, in the latter ease, di^amino compounds aro formed os 
intermediate products. 

The first ozo dyestuff of industrial rniportoiioe (tnamlnoozobonzone) was prepared in 
1887 by Oaro and Gness, and it was only with tho dyos disooverod by Witt and Rouhhiu 
subsequently to 1870 that this group oasumed a position of prootiool importaiioe 

After 1880 ozo oolounng rrmttei's again oamo to the front owing to tho preparation of 
direct dyes for cotton, and later those dyes wore produced dlrootly on tho ootUm (ibre, 
new dydng methods bemg thus oimtod 

They oro prepared mdustriolly by first diozotislng the amine, or its sulphonio acid 
diluted with water, by moans of hydroohlorlo ooid and sodium nitnto, tlie mass being 
cooled with loe and tested with staroh potassium lodido paper so os to avoid any Largo 
excess of nttnta After chozotisation, tho coupling is carried out by pom mg tho whole 
slowly into an alkaline solution of tlie phenol, tho moss being koiib olludlno Tlie oohmiiug- 
matter thus fonnod is separated m au insoluble state on addition of salt and is thon llltoi- 
pressed. The roaotlon between the aininos and the diozo-oompounclH is mon^ ooiuplox 
R NHg,Hai(+iN, 03 )^R NC1N(+R' OH. phenol) HQ + R N N IV Oil 
Tho diazo group enters in tho pora-poaitlon to H, OH, or NHa, or If tills is ooouplcxl, in 
the ortho position 

Azo oolourmg matters ore so numoroua and so varied in oonstitutlon and liuhavlnur 
that th^ may be dividQd into aoveral sub-groups 

The MONOAZO-COMPOUNBS may bo sulplionatod (amliioazo donvativos give iMWiio 
oolouring matters emd the hydroxyazo dorivatlves wfiJiDut oarboxyl, ooid oolnuring- 
matteis) or not aulphonatod (the anunoazo compounds give basio and aoid ooloumig- 
mattoTB and the hydroxyazo compounds basic and adjeoblve oolonrmg-mattors) POLV- 
AZO-COMPOUNDS yield substantive and adjective dyestuffs (».e., without benzhUno 
nuclei, and thon form ooid, basio, and moi'dant oolounng-mattera) Finally thoie Is tho 
sub group, the members of which ore generated directly on the cotton fibre. 

(a) Amlnoazo-derlvativea These are obtamed m the usuol way, in tho ooid and in 
alkahne solution, from diazo-oompounds (amino- or nob) and aimaes 


NH* 


Among these axe foal yellow, aovd yeUow, iropceolin, divryaotdtn [CqHb 




NH*,HG1], the oranges, Indian ydlow (nyiro derwaiiive of 

oetd), oraTi^e 77 or tropoBoUn 00 (sodium salt of the non nitrated product, SO 5 H OgB!^ 


fiO — 2 
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N N 0eH4 NH OaHo) and veawoxnt or Bumarch brawn, which la the hydroohlondo of 
iriaminooafo&crizcnc, NHg OgHf N N OoH 3 (NHa)a, mixed with CaHj[ N N OflHg(NHB)a]a 
Indoxn la a bosio blue obtained by coupling diazotiBod sairaniue with p naphthoL 
On textiles they aro not very fast to light, the less fast being those which do not contam 
the Bulphonio group lu pnnting toxtilea these colours arc corroded by tlio stannous 
ohlonde. 

(6) Hydroxyazo-dorivativea (or azoxy oompounda), e.g , hydroxyazobonzeue, 
CnH* N N CflH* OH TropoBohn 0 is a dlhydroxyazobenzenesulphonio aoid. 

N N 


Of greatest importance aio the derivatives of a 


and p naphtholu, 


/V\ 


('0 


OH 


N N 

and (p)y the compounds with the aiixoohrome In the ortho p position witli 

\/\/ 

respect to the ohromophore { N N ) being oolouring matters of greater foatnoss to add 
and alkali than the orOio a-oorapounda If, however, another azo group be introduced 

OH 

/\^N N 


into the latter, it will occupy the p ortho position, 


, the fast brown 


N N 


dyestu^ being obtained. 

Those most used are. the aulphonio derivatives, obtained from various iwplUl\<ilsulp1ion\a 
acids 

Of the numerous oolouring-matterB of this group, the moat important are • II 

tropmoUn 000 N II ot N I, orocune orange, orange 0, eto , Ponceau (various), Bordsaux 8 

,N-CioHe SOgH(4). 
amaranih, roceUine, croce%ne, azonibm 8 ( || OH (1) 

''N— OioHsSjgo.H {i) 


(c) Azo-Colouring-Mattera derived from Carboxyllo acids are obtained from carboxylic 
diazo compounds and phenols or ajninea 

These compounds (espoolally the o-hydroxyoarboxyllo odds, such as Halloyllo add) 
have an afflmty for metalUo mordants, particularly for ohromlnm oxide The hydroxyl 
and carboxyl groups are In the ortho-positions 

Among the nitrobenzeneozoBulphomo acids ore dhzann yeUow, the diamnid geUows^ oto , 
which, on cotton and wool, give ooloura very roaiatant to light and to fulling The hydroxy- 
ozo aoids mdude various tropaeohns (Y, R, 0, 000, eto ), dhryaoxn, oochxnecd aoarUl, 
ponceau, pcilahne acarlet, eto 

(d) Azo-Colouiing-Matters derived from Dlhydroxynaphthalenes Several of these oom 
pounds are dxed by mordants when they have two hydroxyl groups lu the ortho (1 2) 



OH OH 


or perl (1 8) position, as In anthraquinone {see Alizarin) and , but th^ com- 


OaH 


^ Orange II, prepared from diozotlBed Bulphanlhc odd and p naphthd, has the constitution i 

NiN-< ^ ) i80,isrft 

\J\/ 


u 


^ t i ii 
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poimds are used praofcioolly, not on mordants, but for the dyoing of wool, as they give very 
regular roatdta (sueh are azoftichsMiee), while the pencUhydroxynaphthnlenea are used 
on mordants and form the so oalled chrwnotrope ooloiuing matters, whioh dye uuniordanted 
wool m on aoid bath, giving a dno red turned violet by addition of aJuinina mordants or 
blue black with chrome mordants. 

POLYAZO-COLOURING-MATTERS (di- and totra BjZo) contain the ohromophore 
N N Boveral times and vary oooorduig as the ohromophores ere m the same benzene 
nuoleuB or m dlfieront nuclei and qa the auxouhromes are or ore not m the same nnolei os 
the ohromophores. 

Hero ore found benzidine donvativee m which the two ohromophores are m two dlfHareut 
nuclei, joined by a smgle hnkmg 

Among the sulphonio donvativea arc, for example, B%ehn6h soarletf and the arooeinos, 
while among the polyazo compounds are also TiapJuhol black, naphihylamvne black D 
dvmoTid black (which is obtained from aminoaohoylio acid and is fixed by mordants), oto 


BENZIDINE, NH. 


o-<. 


V 


NH, (wfl p 718), when treated with 


mtroua amd, gives a tetrozo derivative which yiekls yellow, red, blue, or violet oolours on 
combination with aminos or plienols With naphthiomo acid, tetrazodiphonyl givoa Congo 
red, which was the first substantive dyestuff obtamod and was patented by 0 Bflttiger m 
1882 


I 

0,H* 


N N 


n jT ^SOqH (ft) 


N N OioHb< 


9 (a) 

SO,H(ft)’ 
NH, (ft) 


the free sulphonio aoid is blue while the s^ts are red and are fixed dtrecily mi coUon, but 
have the disadvantage of becoming blue or block m contact with even weak adds 
The Benzopurpurlnes {ete p 710) arc obtained m a snnilar manner 
These benzidine derivatives cease to form substantivo ooburmg matters if the mota- 
poaltionB (with respect to the NH,) ore occupied. 

Substantive or direct ooburs, when fixed on cotton, function as weak mordants foi bado 
dyeetufia 

The different firms makbig colouring-matters place on the market a largo number of 
Bubstontiye dyes under various names. For mstanoo, Messrs. Oaaaella have a bug and 
important senes of dtamtna oolovrs (dianune yellow, green, red, black, blue, etc ), whib 
Meister, Lucius und Brtinmg call their substantive colouring matters dumU colovra The 
Bayer Company have the most numerous and important sonos of substantive dyes, which 
they term benxtdine or hmzo dyestuffs (a g , bonzo azurlnes, benzo browns, bonzo reds, 
etc ) The Action Oesellsohaft fUr Amlin Fabnkation, Berhu, oeJl these dyes Columbia, 
Zambesi, etc 

0 


The Derivatives {e.g , su^Aontc) of azoxystilbene. 



apeoud property of dyeing cotton directly In an acid baih. 

The firm of Meuter, Ludus und Brtlning, in 1696, placed on the morkefi a class of 
strongly basio colouring matters (Janoa dyes), whioh colour *cottoii dlrociJy — ^without 
previous mordanting — an acid baih and also dye with the same oobur the wool and cotton 
of a mixed fabric when the latter is boiled in a bath acidified with sulphuric acid. Those 
dyes change their tmt temporarily if brought mto contact with hot objects (hot iron) 

Of very great importance is the group of ozo-dyes produced directly on the fibre by 
prooesses of diazotiBation and combination, these bearing the name of Ingrain Colours 
Cotton fabrics or yoims are impregnated in the cold with a base (aniline, p nitranihne, 
ammoazobenzene, be^dine, saframne, etc ), or they may be first dyed with one of the 
substantive tetrazo dyes containing free auxoohrome ammo-groups (e.g , diamine block, 
prlmuline yellow, benzo brown, blue, or black, etc ) They are then transferred for 15 
minutes to a wooden vessel containing a cold duuohwig solutiou, this oonststing, per 100 
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kilos of cotton, of 2000Jitree of water, 2 to 4 kiioa of sodium rutnlo, and 0 to 10 kilos of 
hydioohlono acid at 20° Be , this diozotisation is oorricd out m dimly lighted roouis, siiioo 
Bninllght readily decomposes the dmzo<oompouads formed After roinovai from this bath, 
the cotton is allowed to dram for a short time and is then placed ui a developing haili {coupling 
IxlUi) oontaoiung 2000 litres of water, 0 5 kilo of sodium oorbonate oiid 0 C to 1 Idlo of 
p naphthol previously dissolved in 415 to 430 gnus of oaustio soda solution ut 40° Bd 
The cotton is manipulated rapidly and in a few imnutos intense development of tliu colour 
takes place. When substantive dyoatuSa aie thus further diazotised on the tibiae, thoy 
exhibit moreosed feotucss to sooimng, and this is still more the case if tho fabric is subso 
quently treated with a batli of potasmuin or sodium bichromate at 90° to 96° for 20 minutes , 
a final copper sulphate bath at 50° for 25 minutes gives greater fastness to Ught, but both 
copper and ohronuum compouiidB dimmish the bnglituess of the colour to soine oxtout, 
and on this ocoount tho firm of Geigy suggests the use of a final bath of formal ui Instoofl 
of p naphthol, a-naphthol, resoroinol, pbonylonodiamine, bejizonflrole (diozotlscd ^ iiitroiii 
lino), eto , may be used ^ By tins metliod of diazotimng and developing on tho fibie llio 
ongmal tmt of tlio basio substaiioe is intensified, oertoui yellows become orongo or scarlet 
(p-mtranlimo gives with p naphthol a fine soarlet similar to Turkey rod, while wltli a iiaph 
thol it yields a violet red), oertoin rods booomo brown or even blue, the blues become intonso 
blacks, eto Bifiorent developers give different colours or shades 

The oouplmg of a phenol witli a dlozo-oompound is prevented by tlio picaonec of a 
reducer which destroys the latter , os reduoing agent stannous ohlondo was at one time 
used, but use is now mode of sodium or zmo hydrosulphite, which permits of the pnnting 
of textiles in white designs on a coloured ground 

III HYDRAZONE AKD PYRAZOLONE COLOURING-MATTERS EydiovonoH arc 
obtained by tho action of phenyUiydrozmo, CjHb NH NHg, on compounds con 
taming kotomo groups (see p 262) Thus, for example, the condensation of iihenyl- 

CO 


hydrazine with a naphthoquinone, 


gives a hydrozono of tho canstitutlon 


c6 

OflHfl NH N CioHfl O The some oompound is obtamed by tho Intoraotion of a-naphthol 
and diozobenzene, so that its oonstitutiou might be that indioatetl by tho equation 

CgHfl Nb d + CioH, OH=HC1 + CoHb N N CioHe OH, 


one hydrogen atom being mobile and oscillating between nitrogen and oxygon Tho 
hydrazones may hence bo regarded os tujo oompouacls and eon bo piojiannl from diazo- 
dorivatlves and phenols This is true for aromatio oompoimds (wluoli can bo dlazotisod), 
but not for those of the oliphatio series, which are only exceptionally diazotised , in tlio 
latter cose, the hydrazones must be obtained by means of phenylhydrazme 

The oolouring-matters of the hydrozono group have not as yet been practically apphod, 
as they ore too weak It wae formeily thought that tartrazmo was a hydro/oiio, bub 
Anschutz showed it to bo a pyrazolone. In general the Tartraaines arc obtained by oon- 
denamg, In hot acid solution, the aromatic hydrazmea (sulphonatod) ■with dihydroxy- 
tartono add, CO^H C(OH)g C(OH)b OO^H, which pi'obably reacts with plionylhydraziiio 

COjH G N NH CflH^ SOgH 
as a true di ketone, COgH CO CO COgH, gl'ving I ^ 

COgH G N NH CflHi BOqH' 

a molecule of water is then lost from a carboxyl and an Immo group, 


/N(OgH4 SOgH) CO 

K J 

^^C(COgH) C N 


NH O.H^ SOgH 


The sodium salt is used as a fast yellow for wool, in on acid bath. Some tartrasdne 
nitrates ore fixed also by mordants In an acid bath tortrazlne dyes wool a blight and 
fairly fast yellow 


^ 0 N Witt (1918) avoids diozotiaation on the fibre (with saving in loe) by nsmg p-nltro- 
benzanediozonium In the form of the oryatalUaed double salt obtained by condensation with 
Bo^um naphthalaneenlphonate, NO, OgH^N N SOg OigH^ + SOgNa Oi.H. + H-O Suoh 
salts are non-explosive ajid highly stable, even at 60° to 70% and dissolve m water 
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rV COLOURING-MATTERS DERIVED FROM QUINONES AND QUINONOXIMES, 
All thoae oolouring-niattera givo very fast tmfca on fibres mordanted with motalho oxides, 
with, which they foim lakes If tlio liydroxyl groups present are not ui tho ortho position 
with roapeot to ouo anotlior and to the ohroniophore 00 < , the lakes formod no 
affinity for the fibres ^ 

Tho most important colours of this group arc formed by lut oducing into the ohromo 
phores, uaphthaloue groups , , Naphthazarin^ which is a d\}hydrox jiixiphihaquinoT^y 

0 OH 

0 

The qumonoxiinea contain the group N OH in place of tho ketonic oxygen , they 
liavo properties Bimilar to tlie hydroxyquinonei, and here too the affinity for motalho 
mordants is most marked in tho denvatives of the orthoquinones. A few colouring 

matteis derived from tho oxime 0=<^ ^=NOH, are known, c g , fast green for 
DolUmf napJiihol greeny oto ^ 

Among these quinone denvatives are almost all the alizarin (see p 734 and anthracene 
{eee p 731) oolounug-mattors, piirpunn, etc , m all grada'ions fiom yellows to reds, bluoa, 
blacks, greens, oto 

For hundreds of years alizarin was tho sole epresentatlvo of a group of excellent 
colours, and was only obtauied naturally mixed with purpunn, from which it was separated 
with difflonlty Nowadays, not only is alizarin preporkl ortifioially, but there ore quite 
fifty other colouring matters of this group, fast to light and oheniioal and atmospheric 
Toagenta. 

While nature yields oolonrs such os madder and Indigo in on impure uonditlou 
(as these are seoondoiy products of vegetable life) and not direotly applioable for dyeing, 
tho artlfioial products ore iuglily pure, muoli brighter m colour and more easily utiJisable 
as dyes. 

Alizarin and anthracene dyes, which are the prototypoa of mordmik oolom^ng•ln^aMearay 
are used m large quantities for tho fast dyeing of wool for clothing and mihtary uiuforma. 
As a rule the wool is mordanted first, by boiling for on hour with an aqueous solution 
oontalning 2 to 3 por cent, of potassium ffiohiomato and 1 per cent, of sulphuric aold and 
amounting to 15 to 20 times the weight of tho wool After mordantuig, tho wool is rinsed 
well m wator and dyed m a solution of the dyestuQ fahitly acidified with acetic acid , this 
bath is boated very gradually to boiling, tho latter being maintained for 1 to 2 hours to 
obtain the maximum intonsity and fastness If fresh addition of tlio colouring matter is 
necessary m order to obtain the desired shade, it is best first to lower tlio toinporature of tho 
bath to 40^* to 60° with oold water lu order to prevent non uniformity of tint 

V DIPHENYL- AND TRIPHENYL - METHANE COLOURING-MATTERS, 

CH- < and OaHa — OH < It has been shown on p 764 that in these colouring 

l»bx1h tJfljia 


^ Mordant oolounug matters are generally obtained with tlie following gronpa in tho ortho 
podtimi OH and NO (or CO and NOH), 2N0H, 20H Also, oooording to Nooltmg (1000), 
in the anthraqumone sories mtense mordant dyes are obtained also with OH and NHa In tho 
ortho position (loss important and less intense ore those 'with OH and NHu In tlie para position) 
OH 


" Alizarin, 


CO— /\OH 
Lth ohromlnm. 


dyes red either cotton mordanted wltli aluimna or wool 


mordanted with ohromlnm. 

Ajithraceno Brown, or oZworiti hrewn or atUhragaUol (trl to hoxa-hydroxy onthraqulnone), 


OH 
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inatfcerB the chroiruphore oooBifltB of the bonzeiie group with two ilonblo InikiiigH iii (ho 
para-poaition, R = 

The mode of formation and the geiioi’al propoi'tieB of diphenyl and tiipiioiiyl luothane 
denvativea were described on pp 710, 720 

In fhiH group are found AuramJne ( basic and Pyronine (also basiu) wJiiuh dye wool hi 
an acid bath and cotton mordanted with t ann i n 

The rosaniline group embraces all the basic colouring matters doilvod from tiiphonyl 
methane, e.g , m^achiU green, me£kyl vwlet, formyl vinkt, fnohsiiie, oto , while wltli 
Bulphomc and other groups, acid dyes are obtained, such os patenl blue [&ir7tuiie blue), 
acid fvchaine, etc 

There are also azo denvativea of tnphenylmethano, such as RosamJne, wliloli dycH silk 
violet red with a yellow fluorescence, and has the formula 

✓CgHg[ N (OHg)2 

OflHg C<( >0 

I \CgHg[N{CHg)eCi; 


The RosoUc Add group, 0 fonnod by fusion of 

phenol with oxalic acid m presence of concentrated H^SOi, also fimiualics uumoi-oiiB ouluurliig 
matters, e,g , aurtne, coroZZiTie, pdtacdl, chrome violet 

Benzo azurlne is formed from 1 moL of phony lohloroform with 2 mols of phoiiol 

/==\ Q g QJJ 

0 C * these colouring matters, which liave no practical appllija 


V . 

tion, are obtained by the ooudeiisation of phenols with phthaho anhydride 
"Ov /CKCgHi 0H)a^ 


0 + 2CgHg QH = H,Q + 0,H,<Q 


0 


-CO 
Hionolphtlmloln 

Phthaleins (see p 686) with the hydroxyls m the para-poaitions ore of some import- 
ance if resorcnnol, CgH4(0H)a, la used m place of phenol. Fluorescein (tlio sodium salt of 
which 18 inomne) is obtomed 





C.Hi CO 0 

while if dimethylammophenol is taken instead of resorcinol, or if fluorescein ohloiido Is 
heated with a secondary amine, fine red colouring matt rs, Rhodamlnos, wliioh are 

baaio m character, result 

i=/vV\_> 


R, NC1 = 



-NB,. 

COOH 

] 

~V 


If previoualy brominated phthaLo aniydnde is rmed, the Eosltw are obtained 

C.H. 

I 1^.: 

co-o 


!aHBr,(ONaK 


^ Auramine has the formula NCI 



>N{0Hg), 

)n(ch, 


■all* 




1 



QUINONIMIDEGROUP 78B 

llioeo give beautiful fluoroecout rod colours on silk but are not very fast to light 
{aee p 685) 

VI COLOURING-MATTERS OF THE QUINONIMIDE GROUP To this belong the 
denvatives of mdopheiiol and uidomiuo. 

Of the hypothetical quinonlnudes, ^^^=0 and ^=NH, 

vanouB derivatives and condensation products are known, e g , Indamine, 


Indophenol, 




The Thlozones, e,g , ihiodiphenylamiTte, 




NN-' 


with indamuies form 


H 


Thlazlmes (a g , LaiMa vtM or ihtontne, fneihylene bhuj^ meihyUm etc , which are 
basic dyes) 

The Oxatnlnes and Oaozones have an oxygen atom m place of the sulphur of thiozones, 




v\ 




I, Qud undergo vanoua oondenaationa Oa^pT% 6hic, naphtJuil blue, Nila 


hliie, etc » which are also basic 

The Cyanamines ore related to Nile blue , Resorufln is an osozone, namely, hydroxy- 


o=/vvN 


diphenosazone, 




, Gallocyanine, OuHiaOsNi, ifl obtained by heatmg 




lutroBodimethylanillno with gallic add in aJcoholio solution. They dye chrome mordanted 
wool a very fast violet, and ore used in printing Imen, which is treated with sodium 
bisulphite and chromium acetate and subsequently steamed 

The Azinas were formerly called Safranlnes , the simplest type is Phenazlna, 




iH^ The eurodinea are used for dyeing cotton mordanted with tannm 


The Safronines oontam four mtrogen atoms and three aromatic nuclei - 

/Nv 



and are strongly boalo and give red colours on cotton mordanted with tannin 

N(OH,),/V-Sa =/V-N{CH,)„ZnCa, 


^ Methylene blue, 


\/ 


!— N - 


, IS a basic dye whloh 




odours cotton, mordanted with tannin, a bnlhant blue 
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Indullties are obtauiod by heating omliiie liydroohloride with aininoo/obouKeuo Tlio 
following oouafcitutioD lioa rooently been eatabhebed for one of the itidiiiinuii 


n-c.h. 


C.H, HN- 


-NH C.H. 


The Quinoxalines oontam the nuoleuB 
roprosentod by the formula 


N-CoH, 

/"N/ Xi— H 


VX\n/ 


C— H 


f tho FluorlndliiGa oou be 


/\/N/\/^\/\ 


H 


VII ANILINE BLACK The ondation m vanoua waya of ambne salta iii aoid Bolutiou 
gives aniline black, whioh Is of oonsiderable importanoe m tho dyelug of ootton 

Among the difforent ozidismg agents, a speolal plaoo is oooupled by vanadium salts 
(suggested by Witz In. 1877), which bring about the oxidation of largo quantities of onilhie 
(transferring oxygen by catalytic action) , 1 port of vanadium, m presence of a suffloieuoy 
of potasaium oUorate, oxidises as much as 270,000 parte of aniline hydroohlorido In 
point of effloienoy, vanadium is followed by otesium, uranium, copper, manganese and 
lead, the action of iron being mudi less 

Anilme black has a feebly add ohaxaotor and la insoluble In almost all solvents It 
dissolves with dlf&ouliy in anilme and forms with it a violet and then a brown colour , 
phenol diaaolves it more easily, giving a green coloration With fuming it yields 

soluble, coloured solpho compounds Acetic anhydride givM a famtly coloured oootyl 
derivative, and potassium diohromate a violet-blook product. When treated with por- 
manganate and then with oxalic amd, aniline black is partially doeolonsod lllnorgotio 
roduoing agents (Sn + HOI) deoompoBe it completely ^ 

1 The chemical (nmstituUon anilxnc black has been tho subject of much diaoussioii Assuming 
that tho first Intermodlato product of the oxidation of BnHine la ftnilina blade (Nletzkl), It cannot 
bo true, os Is often though^ that the tronsfonnation of aniline into quinone by uxldatioii takes 
plaoo throi^h the intermediate stagos of phonylhydroxylanilne and p amiuoplieiiol, alnee tlio&o 
do not yiold aniline black on oxidation, phenylliydToxyljBunlQe giving a nitrosobouzene and not 
a qnJnone , nor can amiuodiphonylamlno (Nover, 1007) be formed, siuoe this, on oxidation, 
gives fifAeroZdtfte, a oompound never obtai n eo. m the oxidation of anilme. It has now boon found 
poaalble to convert anlllno black to the oictent of 06 per cent mto quinone by oxidising wltli 
lead peroxide (chromic ooid giving lem than 80 per cent ), so that the indominlo formula (proposed 
bv Bucheror, 1007) eon no longer be attrlbutedTto aniline block, rinoe, aooording to this, it would 
give only 60 per cent of quinone This result led R WilJstatter and S DorogfllOOO) to suggest 
for aniline blaok the formula (O.H.N CaH* NH)4, » e., C4aH8.N„ which is confirmed by thefoot 
that the oxidattou requires IJ atom of oxygen per molooule of anlDne with a yield of 07 per cent 
Bhirther, the determination of the moleoular weight by hydrolysia of aniline block with dilute 
Bulphuno acid at 200® mdioates dearly the separation of one-Bi gnt.h of the nitrogen as ammonia 
a4H4N O4H4 NH-f HaO»C 4H4N CaH* 0 + NHa 
All tliese results pomt to the trebly qumonold formula of aniline blaok os the most probable i 

<Z> N CD <Z> CD N'<“> N 

CD ""CD)-"® 

This anilme block is obtained by oxidising aniline in the odd with rather leas than the 
theoretlool quantity of diohromate, chlorate, or persulphate, Furthor oxidation with H.Ou for 
example, results m the eUmmatiou of SH and tiie formation of a quadmply qulnonoid adllno 
blaok, OjaHaaNg, the base of whioh is very dark bhe-Jdaok while ^ salts are dork green. It 


3 I 
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III praotioe ojiiliiie blaok ib produced direotly on tho fibre, and the use of this yory atnblo 
oolouniig matter is duo enpeoially to tlio studies and iiutiativo of Prod’hoiTune, C Koeokbn, 
Paraf, etc 

After many improvoineiite, tho production of ouilino black (termed also oxulcUion 
hlcuiL QT fine, black) direotly on cotton fibre is now earned out as follows (the quantities 
given are for 00 kilos of cotton) The three following solutions aro prepared separately 
loo kilos of aniline oil (ace p 609) + 4 26 kilos of oorameroial HCl + 60 litres of water , 
II 3 6 kdos of sodium (or potassium) chlorate + 60 litres of water (1 6 kilo of staroli is 
Bometimos added) , III 3 kdos of potassium ferrooyamde m 20 htr^ of water Wlien 
ooob tlie solutions ore mi£od (1 grm of vanadium ohlondo is sometimes Introduced) and 
tho yam or fabrlo immersed mitd it is well soaked It is then gently pressed and passed 
slowly over rollers tlirough the oxidation ohambor (see xUu^aUon gxven kU&r) so that at 
least Oil hour elapses before it emerges at tho opposite end. The temperature of the chamber 
should not exceed 60° and the hiumdity 26° The fabno assumes a coarse greenish colour 
wlucli is changed to a One block when it is transferred to a J%QQBr (eee Ic^&r) coutauuug 
2 kilos of potoBsuun dicliromate, 260 gnus of sulpiiunc aoid and 100 to 120 litres of water 
at the toinporaturo 60° The block thus obtained, when thoroughly washed, is turned 
giTJen only to a sJiglit extent in tlie hght 

VIII QUINOLINE AND ACRIDINE COLOURING-MATTERS Among the quinoline 
dyestuffs ore quxndliTie, yeUmo (water or alcohol soluble), quinohne red, epantne, eto , all of 


them contain one or more of the 


yOH= OH 

ohromophores, CoHi^ | 

\n= CH 


, or its homologuea 


Aoridme donvativos possibly contain a quiuonoid ohromopliore of the formula 



They arc obtained by ooiidonsing tit-diammea with formaldehyde, heating the rosulting 
tetrammodiphoiiylmethone with acid to remove ammonia, and finally oxidising with feme 
ohlorido To this group belong ocndMie oraTige and yellow^ phosphine, henzafladtne, eto 


IX THIAZOLE COLOURS 


These contain the group | yC — 

« 0 — 


with 


the 


obromophorc — C = N — and are formed by beatiug p toluirbno with aulpliur, the resulting 
Primullne being probably of the constitution 

0,Hi NH, 

It may bo easily sulphonated, dyes cotton directly and may be dlozotised and developed 
on the fibre (bca p 781) Tlie methyl derivative is Thloflavme These oolounng matters 
are not very fast against light 

X COLOURING-MATTERS OF THE OXYKETONES, XANTHONE, FLAVONE, 
COUMARIN This group embraces many valuable mordant colouring-matters aUzann 
yeUov), anthracene ydlow, altzann hlaob {see AUzann Colouring Matters, p 783), fiavopur- 
punn, aluann green, dlizann blue, alizarin cyanine, anUiraoene blue, eto The oliaracteristic 



absorbs only 2^H01 whilst the trebly quinonold block absorbs 4HC1 , all of the latter ore displaced 
by ammonia, which, however, in the former case, leaves IHOl (4 0 per cent of 01 m tlie nucleus) 
In proobice tho qu^ruply quinonold block Is obtained with excess of a slow oxidising agent 
ooti^ in tho cola, e g , with chlorate and copper sulphate or with chlorate and vanadium. On 
hydimysis, the quoaruply quinonold blaok also losoe one ftight.h of its nltrogon as ammoniSr, 
foiming tlie moro oompleto black, CisHagONf, which Is not turned green by SOg Oxidation of 
the corresponding product of hydrolj^ of the trebly quinonold black gives the same quodruply 
quinonold blao^ Cfg.HBaON, The prooboal preparation of aniline bl^ in a amglo bath leads 
to the quadruply qumonold block that turns green, and further oxidation of this In the hot yields 
the blaok wht^ does not turn green, the terminal immo group being hydrolysed This latter 
blaok IS obtalnod also by the two (or more) bath prooess or by Bteaming Oxidation of amino- 
dlphenylamine Instead of ambne mves first ^e rodolsh blue Imine (Ogg ), emeraidine, which 
then polymeriaes, forming the b^k (trebly qumonold) 
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0 


group of the zanthones la 



/V-oo- 


and that of the flayoiies 


O—Gil 


0— — CiT 


Inixan yeUoio ib a hydroxy derivative of xanthone 

XI INDIGO, INDIGOIDS, AND OTHER NATURAL COLOURING-MATTERS In 
addition to wHat haa been stated with reference to indigo (see p 767 ci seq ), it may bo sold 
that there ore a number of derivatives of nrtifloiol mdigo wliinh oro reduced with hydro 
sulphite and alkah and give very foot ooloura which ore superior to mdigo aud resist ovoii 
oonoentrated solutioufl of chloride of lime ^ 

1 Bohn has given the name vat dyestuffs to those msolubie pigments the molecule of whioli 
oontainfl at least one ketonio gioup capable of being reduced (e.g , by hydroaulphitoa), taking 
up hydrogen and thus becoming aolublo ui an a1 kollne hquid and fixable b^ auimoT and VQgotablu 
fibres Tbffle vat dyestuffs may be divided into two classes vndvgoida and tiidanilircne 
denvahves The first okas oompnaoB two sericffl aymme^rxcal (Indigo, eto ) and v.iMwnvwlncal 
(mdirubin, eto ), and each series ooutains vonous families of the following typ®8i to o-h of whioJi 
the ohromc^ein, — CO — 0=3 0 — CO, is common 

( 1) With mtrogenons ohromogen, - , , , 

I Indigo and ita halugenatod and other substitutlou 
derivatives ohloro-, bromo , alkyl-, and naph 
thol indigo Tho substibutlon takes plooe hi the 
henzeno nuoleus , many polyhromo derivatives 
ore formed. Tho oolouis rau^e from reddish blue 
to meeniflh blue The jmrple rooontly 

stumed by Frledl&nder is 0 0' dlbramolndlgo 
6 Bromomdigo (fure iTuf^ iZ), 6 5' dibrumo 
indigo (pure indigo 2B), o 7 i 0' tiibromolndlgo 



(2) 


Naphthmdigo 


(Otba blue B), 6 7 6' 7'-tetrabromolndigo {Giba 
blue %B or indigo 4B) have been prepared. 


O' 


Besides the ohromophoro 


r./ 


CO 


Mlzo^Bynunetnoal mth. nitrogen and 
Bidphoi ohromogons 




OOs 

NH- 


>■ 


i of indigo, those 


have also the oliromopbore : 


(9) 



CO—, 

a— 


n 


Symmetncol with sulphur ohromogen 


(4) 



>NH 


(6) 


( 6 ) 


Indlrubm with osymmetno mtrogeai 
ohromogen 

Thioindigo scarlet R 



yCO 

I O^' Belongmg 

to this family ore Oiba grey G ^onobromo 
derivatives), Oiba vioUt iZ, B, 3i2 (those ore 
polybromo denvatlves of Ciba woHei A) 
fUhe first term is BlnedlOnderis thioindigo (or tkio 
indigo red B ) , Oiba bordeauos B (6 6' mbromo 
thlomdigo) and numerous dorlvatlTes in wiiioh the 
6 and 6' poaitionB ore oconpied by alkoxy- and 
thioalkyl group have been preporod, among those 
being red ima brown oolours and tho various 
eolonrs of the hellndone series of Moister LuqIub 
^ tmd Brtnlng 
r 

IndAfubm is not a oolouTmg-matter, slnoe on reduo- 
tion it forms indigo, but use is made of icirabromo 
I’ndiTvJbin (Oiba hehotrope B) 

0^^, / )CI - Of Nnh 

MJO 


I The dibromo derivative forms thioindiigo scarlet 0 
(or Oiba red 

g.H 4 <; - c!/~^°~)>nh 

^00/ \o.h.b/ 


L in known by the name of ihxomdxgo aearlsl 20 {Oiba 
I scarlet 0) 


1 f 


( f 


n H i ‘ 1 
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Tho Indanthrene Colours, wluoh woro at first oxpeiisivo, 01*0 now obtainaLlo at 
moro rwwoimblo ])rlooH and givo inoduiin and dnik Hbodos, TJioy are so reaiataiit to vanoua 
ruof^oiLliS that thoy arc iisod os plguioiita in plooo nf ultraman no, oto , tlioy aro usod also 
for bluoing sugai and ntlior fuodstujfs, os they are fast to light and non. poisonous. 

Mali'nalB dyod with indanlhrono dyestuffs do not stand heating ui nti auboolavo 'wltli 
alkftJi, the uoloui'H being roduued and ruiidorod sohible TJio liadisoho Aiulin und Soda 


(7) 


'^-N ^ 




J— I'O 


>=-0^ 


/\ 


CO— I 


\/ 


' Tills is a now family whioh hns givontho first yellow 
oolourrt of tliQ indlgoid groni) {Ctha tmhi/o yeUoio 
Olid Ctbii yellow U, whieli is a dibromo 
derivative of the proeodmg) Tho group Ar is tlio 
houzoyl roHidiio, but it Is nob known whether Y 
Jr H op oh, or whotlior it roprosontfl a double 
L Imkliig to tho ultiogen abum 


I'lio Hoeoiid uloAti iH that of tile anthraoetie derivatives, wibli tho foUowing familloa 


( 1 ) 



\/\ ^ \- 
0 

HN 



IndanUitnu him 


ilndatiihmte is formed by eondonslng 2 inola of 
aniiiioaiithraiininoiiobyinoaiia of fused alkidi and 
ifl n dtnnihr(iqu%mnwdihydro{mne With roduoing 
agents, partial roduuliuu of the kobomu group 
oouiirs, dihydroindauthreuQ becoming soluble in 
alkali and dyomg uottoii dlroutly Tlio halo- 
goiiatod doiivativoH ai’O of a more groeuish bine, 
I'OBuitaiit to oxidising agents and to ehlorine Use 
IB made of indanUuHiiui blue QO, GCWt 3f?, and 
3 HO and of dlyol bhia aud aZwZ green Tho GCI) 
bluo is obtained by bnllmg mdaiitiiroue wltli aqua 
regia Anthmflawme (yisUow) is similar to indan- 
\ tliroiio, but wiUiout the NH groups 


( 2 ) 


m 



Flamnihrenc (or tndfintJirene ydlow G and R) la 
nhtaluod by oxidlsmg 2 amlnoantliraqulnono 
aiitlmony peutnohlorlde in boiling nltrobenzeiiQ 
Rohition All analogous eompound 'whioh has an 
j orange yellow colour, and In whleh tho two 
" ultrogon atoms are rophwiod by GH, is pyriwifArfluo 
(or xndanthrem golden orange Cf), tlio halogen 
doiivativoR nf wliiuli tend to rod , of tliuse, 
dibronwpyranthroHV (or indfotlhrene ecarlai O) is 

lIHOfl 


FlamnUirmt 


0 



Rnizantlii me \ 


JJenzanthroHP Is obtidnud by ouiideusbig antlira- 
qiiiiiono OP its dorlvatlvea mill glyuorel hi proseuao 
of aonooiitratetl IfaflOi UouBontlirono and its 
hnlugon derivatives ara not Qolnurmg niattoi's, but 
by various mniclouHalious they lead to exeellont 
uulouring niattoi's, sueh os violariUurmc, tlio di 
lirnmo (lorlvativo of whleh is tndnvihrem green Ji , 
iMtwwlanlhtenr (wbluli has a Hlmilar ooustltutlon tu 
pwantlirouo) and lU dinliloio-dorivativo {indan 
threnr iMel Rli t-diu) 


(4) 


Anlkraqntnomtntde dmvalxv&i 


( Indanlhit euo bordmiuv R and xndanUiretie red G and 
R ivro formodfrom S niols of onthraquinono Joliiod 
in vorioufl ways by two imiuo-groups Algol rod, 
wlilnh -was the llrui rod vat dyestuff of tlio authra 
quiuono uorles, aoiiHists of 2 mols of authra 
qiiiuono united by an NH group, one of tliom 
^ being uondoiiRod witli a pyrldoue ring 


(0) /iruafsturiaaf/namniunm dorlvatlyoe 

0 0 


u 




\/ 



/ Oliaraoboristiu of those is the oonixilex of sovoial NH 
groups united once or more times to 00 gi^oups 
Ildxndone yeXUno represents two oiibhra 
qulnone m'oupB condonBOu with urea Various 
other oondensatlouB of ominoanthTaquinones with 
benzoyl, suoolnlo, tartorio, phthaJlo, etc , groups 
^ give algdi reda 0, R, and 6^, etc 


Hdindone yeUaw ^ON 
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Pabnk reoommond the addition of an oxidising agent to the autoelavo bath to prevent tho 
reduction. 

XII SULPHUR COLOURING-MATTERS Those colouring matters, whioli have been 
disoovered since 1893, are very fast on cotton, which they dye directly without a mordant, 
but m nlkolino and roducuig solution (sodium sulphide and aometinioa a little glucose) 
which prevonts any unevenness which might be produced m tho colouring owing to contact 
with the air The sulphur colouring matters do not dye wool or silk In iiresoiioo of sodium 
sdioate (or of blood or diastofor), so that two colours can bo obtained on wool and cotton 
fabnoB, the wool being dyed first with on add dyestufi and the cotton subsoqnoiitly with 
a sulphur oo louring matter m a bath of sodium sulplude and sihcato (or blood oi diastofor) 

They ore obtained by melting together sulphur or sodium sulphide and various otlior 
oolounng matters or other organic compounds CncAmt de Lctvid has boon known since 
1873 but lias been used but httlo It was obtained by Croissant and Brotonni6io by fusing 
sawdust, bran, or the like with sodium sulphide. In 1893 tho disco very of VuJUd blfwL 
directed tho attention of manufacturers to this interesting group of ooloiirmg matters, whioU 
now Include almost all tml^ except red, and arc obtomed by fusing with sulphur or smiium 
sulphide, dcnvativos of benzene, naphtiiolene, diphonylamme, anthraquinouo, etc These 
colouring matters ore placed on the market by vonous firms uudor difioront iiaines, alUiougli 
tbeir oompoaitionB are practically the same the firm of Cassella calls them immedud 
colours , the Bayer Company, kcd\g&i%o cdUmra , the Bodisohe Oomimny, knogcnio colours , 
tlio Berlin Aktien Gesell^hait, sulphur colounTig malters, etc The constitution of tlioso 
colours has not been firmly established, but during recent years a little light has boon 
thrown on thtra According to Sandmeyer (1901) they arc derivatives of Plozthlol 



B 



B 


the compound soluble in sodium sulphide having tlio constitution 


S-Q , but nowadays other intoTpretatioiw have bi on given 

^Na 


When diphonylamine derivatives arc fused with NobS, block colouring inattcrH aio 
preferably formed, with anunohydroxydiphenylaniine denvativea and tho onrrospontling 
N-alkyl and N-aryl compounds blue colours arc obtained, wliilo In presence of stable mota- 
Bubstitutsd compounds, brown or yellow colouring matters are formed 


( 0 ) 


Various types RvfanihreTiet leucol, 
eitanoau, hydrones, tndtgoligiunds 


( These oolouriag matters ore obtained by fusing 
ammoanthraqulnones with suLpliui or alkaline 
sulphides {rufoiiUirenc browiiH, greys, olives), 
’ 0 , tridanthrens bruwjif abanon& broton, eibanoiio 
yeUoiD , tho first ctbanons black vtom ubbaiiiod 
&om methylbenzantlirene, and the leucol oolours 
of the firm of Bayei are also uf tills group A 
mixed indigoid onthrooene group has also been 
obtamed ^us, the action m Isatla ohlorldo, ote , 
on a naphthol (or its ortho denvatlvos) gives tlie 
{ndigoid oolounng matter and on laomorldo of 
anatogous proposes, e g , indunaplUhalcrus or 
N tndohgnone (FnedlUndor and Bezdzioh, 1900) i 
both the mdigoid and the indollmione are doaom 
posed by alkah Into anthranmo aoid and the 
oorrespondlng hydroxynaphthaldohyde A group 
of Bulmur vat dyestufis is that of the tndrone blues 
(Caasella), derived from oarbazole, whioh with 
p-nitrosophenol gives a base, 



and tUs, when fnsed with sulphur or Bulphldes 
iomiB rt^iuaible oolourlng matters solulue in 

ftllraU. 


f 
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III ioft( timi takes pJaeo witli lU’cliiuiiiary foniiatiou of aiomatio inorcaptmia 

<11 jHilynn^oiniJiftiiH (in tlio oi fchn iiositioii witli nw])wjl to N in to 0), -wliioh give furtlior 
piJiulooHatioii produotfl, C(/, blmik denvatlviw of tliinillplicmvlanime (of //iMiznic), 




anil yellow or brown oolouriiif^ matUuH ilorlvud from tldayole (^co fdjyw), 




\ 


c = 




/ 


They form iiiaolublo ooiuIpiimhI prodiiotrt (dinidpliidiw) wltli tlio oxytroii of tlio idi, tin wo 
Ixmi^ iiMidored Holublit again by alkalmo rotUnnog ngoiitfl (Hodiimi siilphldo, hydrosidplntoB, 
etc ) Tho llxubiori and duvoloptnont of tlio uoluin in the uoltun hliroH oonfilst Himply m tlio 
oxkiaLiou of tlio moroaptaii to diHulpliido The blank ni blue aulpLur oolonrlng matters aro 
qiiliionindno deiivatlves o£ tliu t]na7iiio group Those uolouniig mattoTS ai'o now esod in 
lai-ge ([iiaiitltKW, the produetlou of mlphur black olouo hi 11)00 bolng estimated at nearly 
/5,0(M),0U() kilos It haw heun propoawl ( lOOO) to Toticler them fosUir to waslilng by troatraoiit 
with fonunldohydo oi liy iinmorsion iii a uiekol Muliihato bath 

TJio pihicjipal natural viordtinl onlnurlug mattom are logivood, brozilein, ai*olnl, 
ooohinoal, oatouhu, sandalwood, oU* , and tlio uaUirnl dyou for oottou and wool 

are l)ixin, uui'oiindn, narthamlri, utu 

Tlioae (lyowoodH are ploowl on tho markot In small tninks or m obips , for ooonoiuy 
in transpoLt and uonvuiuiuieu iii iiso, doiiao lupioous or uonuontratod dry oxtraota oro often 
propan^d 

LOGWOOD 01 Campeachy is obtaiuinl from tho barkod tmnlt of a tree {Ilretnaloxykni 
c^mpecJivinum , Fig 471 showM twig, loavos, flinyors, and ro(mIh) wluoli gi^nyB in Central 
Aiiioiioa and m the Antdkw, the best qiialltins being tliosu of Hoiidiuos, Hon Domingo, 
and ifainaloa. Just as tho eoiiHuiiiptloii of iiidlgu has not (limlnishod In npito of tho oom 
petition of tho iiuiueruus aTbilleial antbno and allxjLiiii uolniirs, so also tho nno of logwocsl 
in dyeing tonrls to liiuroase, altiiough not in siinllai proportion to tho arbidoial dyes. Tlio 
wowl arrives in IGuinpo hi logs weighing IfiO to 2i)0 kilos, whieli dre sawn into slioit pkxjoa, 
ohojipinl and rothu od to eliips or i*aHi)IngB , more rarely they ore ground 

The oolouilug-inattor of logwootl was Htiidlod by Chevroiil in 1810, by ISrdmanii in 
1842, and by Hess and Eel in in 1871 [i oouFiisLH of a gluousido which 00001*8 in tho freufi 
wood and whieh, porliaiw by Biiuplo ferinoutatiou or by tho ootioii of water and air, soporatoH 
Lho hose of the eolunring-iuattei, le, Heematoicylln, OiQHg()(OH)|), and this, undoi the 
induenee of atmospheiio oxygon (bwt in presenee of alkali), gives tho oolonring matter 
^ur7fiatein (whluh dyes with inebalilo oxides), CibKibOq, 2l£ bolng tlins lost Hiuinatoin is 
inod(Tatoly soluble hi waUT, ah nhol, ether, or glaiual ouelie auicl, and Insnlnble ui oldniii 
bnu UL iKiiweno. Jn animonlaual Holiitlini It assuiueB a purple red aolnur, whleli hoeonios 
lirown in tho air By lediKung agouts (HjS, HOg, 5Su H- HCl, ofco ) liroiuaUdn Is deeolonfled 
.vithout, however, giving hamiatoxylin 

Hajmatoxylln is probably .) *4 8' . 4'-Totrahydroxyrufenol 


HO 


OH 0 


\/\/ 

OH 


0 OH 
OHa OgHB(OHa)(3 4). 


md lioomatoin would have a quLnouoid formation in place of the hydroxyl of tlio Urst 
uioloua, H being lust together with another H from the pora-OH of tho second nuolous. 

In dyeing, logwood is used in ohlps or os an extract. Tho ohips 01*0 first nuktuiod 
? fermented) by moistening with watoi, heaping up and stirring every two or throe days 
or one or t\vo weeks, oare being token to pi'evont heating of the mass, wbloh would destroy 
ho colouring matter The wood ohongea from a yellowish to a brownish rod oolour and 
a extracted with boiling water, to wliioh it gives up 2 6 to 3 "pw cent, of Its weight. The 
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Bolntlon, whloh 1b rloh In hiemateini is iiBod aa it is in the dye vat, wheroos logwood oxtroots 
ore prepared m the way used to obtain tajining extracts (p 601) , these oxtraots are very 
noh in hfflmatoxyluL Solid hamaUin, a pure, granular product, free from tannins, is 
obtained by direct extraction of the ground logwood with ether 

Heematem is a mordant oolourmg matter, « a, is dxed and gives intense and fast colours 
only on mordanted fibres, and is generally used for black or blue block shades with vonoiis 
shot odfcols, according to the natui'e of the mordant with aluminium salts it gives a 
greyish violet-block, with chromium salts blue-blook, with iron salts grey block, with 
copper salts greenish blue black, and with tin salts violet black 

A fine black is usually obtained by mordanting, e g , wool, foi 2 liours lu a boiling 
bath containing 2 to 3 per cent of potassium diohromate, 3 to 4 per cent of tartar (or 2 per 
cent. Bulphuno acid, 3 per cent. lootio acid, etc ) and 0 5 to 1 per cent of copper sulphate 
(all calculated on the weight of fabno) The mordanted fobno is well wnsliod and dyed in 
a hoihng aqueous bath, to which is added the dilute logwood extract or 6 to 8 per cent 

of the oonoontrated extract or the matured ohlps 
in bags To obtain black block (coal blook without 
blue refieotion), 0 2 to 0 6 to 1 i>er oont of Cuba 
yellow wood extract is added Dyeing Is followed 
by thorough washing m cold water 

Cotton IB first mordanted in the usual way m 
a tannin bath (2° to 3** BA overnight), then posaod 
into an iron nitrate bath (sss Dyohig of Silk, and 
note on p 771), rinsed and dyed m the liot aqueous 
bath with logwood and yeUow wood After dyeing 
the bronze red appearance is removed by & soap 
bath. 

For dyeing Bilk block, see later 
Logwood extracts ore often adulterated witli 
ohestnut-bork extract, molasses, doxtnn, sumac, 
etc , aud as a rule the best test consists in dyeing 
equal weights of mordanted fabric with equal 
weights of the suspected and a pure extract Sugar 
(molasses) or dextrm may be detected by proolpi- 
tatmg with a slight excess of load acetate and 
examining the filtrate by means of eltlior Fohling’s 
solution or the polanmeter 

Chestnut-bark extract is doteoted by treating 
1 gmi of the extract, dried at 100°, with etlier 
and weighing the portion dissolved by tho other 
' Tho residue is then extracted with absolute alcohol 
and tlie Eunount dissolved detonnlnocL A good, 
dried extract oontama 80 to 88 per cant, of matter 
soluble m ether aud 12 to 14 per cent soluble in alcohol, wliUe, If olicatnut bark oxtiaot is 
present, leas dissolves m ether and more in alcohol 

ARCHIL is extracted from Rooodla ttnotona (2 to 12 per cent.) or from other lichens 
growing on the coast or on bare rooks m mountamous districts. The rod colouring-matter is 
formed after fermentation m presence of a little ammonia, and after the action of atmo 
spheric oxygen. Prior to fermentation, the colourless compounds contain roocellio add 
(p 366) and erythrio acid, whde, after the deoompositloD, oroin (sea p 646) la present , tho 
latter, when oxidised m presence of NHa, glvee oroelne (see p 046), which forms violet red 
lakes Archil is placed on the mark e t as extract or solid pr^aratloiL 

Cudbear (or perseo) is obtained from Ijeoanora iartarea and dyes wool and ailk ve^ 
uniformly m presence of alum, tm salt, and tartano acid. 

Utmus (or iaumeaol) is formed from ordn by the action of ammonia or soda, and is 
obtamed from various lichens (RocceU/i iinoitaria) The extract is mixed with gypsum or 
chalk and made into tablets, which contain various colouring matters (nzdttmw, eryOyrcd&int 
aryQvrcAxhnvn, spmioW/min) It is very sensitive to adds, whloh redden it, and to alkalis, 
which turn it blue, and hence serves aa on excellent indicator 

COCHINEAL has been long used aa a oolouzmg-matter and is the female of the Insect 
OocGoa cacU, which lives on the cactus of the Canary Islands, Algeria, Java, Guatemda, etc. 
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When Ui0 uifloot ifl tliree montlifl old (weight = 0 0005 gmi ) it ib killed with hot 
water {black grain) or m an oven {silver gram) Tlio oolouriiig mattor ifi Carminlc Add, 
Ci 7 Hi 0 Oio Tho dry inBoote ore powdered and extracted floveml tunes witli boiling water, 
the dye ^th being prepared with hot water, 3 per oent of oxoho odd and 0 5 per oont of 
tin salt , the wool Is immersed in tins for at least 30 minutes at a boiling temperaturo The 
wool may be first mordanted separately with oxalio acid and tin salt and then dyed in tho 
aqueous ooohineaL 

YELLOW WOOD or Cuba Wood {Old fiistic) is obtained from the tninks of 
Unctorxa or of Macbira tinctona of the West Indies, Brazil, and Mexico, tho beat kinds 
being, however, those of Cuba, Tompioo, Porto Rioo, and Jamaioa. The oolour may bo 
extracted from the wood by means of steam, and the oonoentrated extract oontains a tanning 
material {maclunn), sinoo a bnghter yellow la obtainod on dyeing if a little gelatme is added 
to precipitate this tanning substonoo , if this is not done, prolonged boiling gives dark or 
brownish shades Although Cuba yeUow dyes pure fibres direotly, really fast coloun are 
obtainod only by ohrome mordanting, etc , lionoe Cuba yellow is used together ^vdt}l 
logwood or even alizarin or anthracene oolounng matlers 

QUERCITRON is sold m small chips or, hotter, as a ooorse powder obtained by grinding 
the bark — ^freed from epidermis — of Quercus Unclona and ^ nigra, which grow in Penn 
sylvamO} Carolina, Scotland, Franoo, and the South of Germany 

The dilute aqueous extract does not keep, and must henoo be used immediately Giev-> 
reul separated tom tho bark the oompoimd Querdtnn, CjiHjaOn + SHgO, which when 
boiled with acid takes up 1 mol H|0, giving Quercetin, CiqHiqO^, and Isodulcltol, CqHuOq 
Q ueroetm IS 1 3 V d'-Tetrahydroacyflavanol 


OH CO 



it dissolves in alkah, giving bji o ange yellow coloration, and yields plilorogliimuol and 
protocatoohmo aold wJicn fused with alkali It is sulphonated by oonoentrated sulphuric 
odd, fonmng a direct dyo for wooL 

It dyes more espeoiaJly animal fibres (wool) cither previously mordanted or with on 
alum or ohrome mordant added to the dye bath Similar behaviour is Bho^vn hy Jlavin, 
which IS a more oonoenti'atod x^^pB'ratlon of quercitron and oontains quorcetrin and 
queroetuL 

Natural INDIAN YELLOW is still extracted in Bengal tom tlie evaporated residue of 
the urine of cows fed on mongo loaves It eontaina a hydroxyl derivative of axmlkonei 
nomoly, Euxanthone, as glyouronlc cater {eumivtkmio aoid, CigH^O^), which is decomposed 


by hot hydrochlono acid into Euxanthlne, 


HO 




or 


h- CO— ' 
0 




OH 


(obtained 


syuthetloaily by condensing hydroquinonocorboxyllo acid with )9-roaoroyllo ooid) 

Natural Indian yellow funotions as a mordant dyestuff, but is now soarooly used for 
textiles, as it is not veiy stable to light. 

BRAZIL WOOD or Red Wood is obtained tom the trunk of Ocsscdpina hrastliensis 
and other varieties. The oolourless gluooside it contains gives, on fermentation or when 
treated with amds, glucose and Brazilin, OieHi40s or CoHa(OH)B * 04H^0 OgHsOi, whioli 
is coloured oormlno by alkali and decolorised by aoids or reducing agents , it gives intensely 
coloured lakes and oxidises lu tho air, forming Brazlleln, OibHiqOs, while Avith oonoentrated 
nitric amd it gives trimtroreeoroinol and, when fused wil^ alkali, resorcinol It is a red 
mordant (alum or ohrome) oolouring-matter, but is only slightly fast to light. 

Brazilm seems to have a constitution analogous to that of hsematoxylin {aes p 791) 
with a hydroxyl group less m the first benzene nucleus, brazfiein being apparently the 
oerrespondmg quinonoid derivatlvo Himilor to hcBmatem (see above) 

SANDALWOOD is the wood of Pterocarpua aantdknua, which grows in Modegasoor, 
tropical Asia, and C^eybn. Santalln or Sontalio Acid, Ci7Hj.gOg, which forma the colouring* 
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nvatter of tlim wood, occurs in abundmiLQ in other plants (m hanoood oi Bnjihxa nitxda of 
Sierra Leone and m camioood or laftibeuwod irom West Africa) 

Sajitobn givcjs resoroinol, nocfcio aoid, elo , when fused with alkali, but its constitution 
is not yet ostablishecL It is a mordant uoloiu'ing-mattor, like logwood, and was onou iisod 
with alizarin to dye oottou rod. 

CATECHU (or Cutch) and GAM BIER aro extracted from vanouR plants of India, 
Bengal, Malay, eto (palm, mimosa, Rubiaooffi, Acacia catechu, Areca catechu, Uticotui 
gambvec, eto ) They oontam tannm and oolourleBB catechol, partly oombmod to a brown 
oolouring matter When fused with oJkeli, they give phloroglucmol, pyrooatechol, and 
protooateohuic acid With vaxions mordania they give stable browns or olives, whiuh do 
not, however, withstand ohlonno or aoid On ootton they give reddish or yoUowlsli brown 
colours whioh become fast to hglit after treatment with alkali diohromato at G0° to 70° 
[kfiaki used for unifoims in the British, German, and Itahon armios) 

Nowadays a much foster kJiaki is obtained by impregnating the white fabric in a cold 
oonoontratod bath of pyrohgnlte of iron, obroinium acetate, and a very small 2)rnportion 
of manganese chloride, drying it thorouglily, munersiDg it m a boiling bath of oaustio soda 
(11° B4 ) and a httlo sulphorioinato, and oxidising m a hot-air chamboi or by moons of 
diohromate solution With a less oonoentrated soda bath or ono not boiling, the inetolho 
oxides would be prooipitoted Buporfloiolly on the fibre, and the dry fabric would bo dusty 
and would wear out sewing needles 

This kliaJa is very fast against light, Booiinng, and chlorine, but does not jper^ira- 
iwn (test with a mixture at 1° B6 of hydroohlono, formic, and acetic ooids forfi hours) 
Fastnesa to perapiraiion is given by boiling the dyed fabno for 2 hours in a sUloato batli 
at 0° to 7° BA 

CHLOROPHYLL is not a colounug-maiter for textiles but is tho grocui pigment which 
ooouTB m many plants (those which ossunilate CO^) and brmgs about the transformation of 
the carbon dioxide into stamh m the leaves under the action of sunlight — OHixsoiolly of 
oertam rays of the speotrura — and apparently also with the help of on enzyme (Willstilttor 
and Stoll, 1911) known os Chlorophyllase With ataroh, wax, etc , it forms tho uhaiaott'riBtio 
ohlorophyll granules of green leaves (see p 626) 

It is soluble In oil, alcohol, ether, or ohlofoform, its Bolutions showing blood iwl fluoros 
oonoe and readily undergoing ohange Its oonstitutiou Is atiU unoortoin, and It does not 
appear to contain oombmed non, as was formerly thought, following tlio indications of 
tha botanists Borodin (1882) and Monteverde (1803), Willstfi-ttor and Bon^ (lOOH) obtained 
a pure ohlorophyll ^ (2 gnma. from 1 kilo of dried leaves) m dark, bluish block ciystals with 
a metoUio lustre, which are insoluble in petiroleum ether but soluble In aloohul or other, 
giving a bluish fluoresoenoe The green solution of this product, whioli exhibits tho some 
Bpeotrum os tho ohlorophyll of fresh leaves, is turned brown by alkali, but again becomes 
green. Its formula la probably C„H,BOoN4Mg, and tho magnesium present (3 iior cent ) 
IB perhaps the cause of the oatolytie action effecting the transformation of COg into starch , 
it does not oonioin phoaphoius, as many, including Stoklaso, have thought Aolds remove 
all tho magnesium, the residue being Phoeophytin, which is similar to chlorophyll, is ethereal 
in oharaoter, and forms various produota (c.g, meihyl aholwl, phyiol, p^iyioohlonn, and 
phytorodin, which has tlio formula, ^04^84^7^41 m aoid in character and oontams four 
pyrrole groups) and throe oarboxyl groups when hydrolysed with alkoh. 

Phytol forms one- third by weight of the ohloiophyll of plants and is a piimory, unsa 
turated, monohydrio alcohol, CboH^qO, capable of combining with Br^ Plants produce also 
an amorphous ohlorophyll whioh, unlike the other, gives phytol on hydrolysis It is thought 
that it is analogous in oheimoal composition to the oolouring matter of the blood {see later), 
smoe both yield pyrrole when distilled with zino dust. Willfltatter and Isler (1911) showed 
that ohlorophyll oontams two oolouring matters {a) bluish green and (6) greyish black 
(one-fourth as much as of the first), having the formula, Of^HfoO^N^Mg, thus oonfirming 
the hypotheses of Stokes (1867 and 1873) and of Tswett (1900) , the two oolours are separated 

1 As ohloronhyll readUy uudergoea ohaime, it is extracted m the odd with methyl aloohol 
TOm carefully dried, powdered leaves (WilUt&tter), previously washed wltii petroleum ether 
In or aer to separate it from other oolouniig injpnntlM, its aloohoUo extract is suitably diluted 
wd extracted with ether (benzene or oarbon oisulphide), many of the ImpuritleB remaluiiu 
diuolved In the doohol , or the alcoholic extract may be Bhaken with a largo amount of water 
whmn dlsaolveB the ohlorophyll In the oolloulal state, the decanted aqueous sdution being treatec 
\nth salt imd extraotod with petroleum ether containing a little aloohoL Prom this solution thi 
ohloroimyll is deposited pure 2 the whole of the aloohd m eliminated by washimi 
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by more or leaa dilute aloohoL Chlorophyll is used in praotioo to oolour oils, soaps, fats, 
preserved v^etables, etc , boforo the war it coat 8s per kilo or, for the highly purified 
product, 80s per kilo 

TESTING OF COLOURING-MATTERS 

Out of tJio thousands of colouring matters sold by different firms undei most varied and 
fanciful names, the majority represent, not chemical mdividuols, but intimate mucturos of 
soveiol colours which give directly the tints desired. 

The colouring matters obtained at the end of the manufacture by pTooipitatioii or 
separation from their solotiona by means of salt (just os with soap) are not sold iu the pure 
state, but are diluted with 60 per cent, or 76 per cent, of finely ground sodium ohlonde or 
sulphate. A may be distinguished from a ohomicoJ individual by the following 

Bunple test a few Tniliigrams ore blown in a cloud from a watch gloss and ore caught 
on a moist filter paper spread on a sheet of gloss at a short distance from the watch glass 
If the filter paper were not too moist, it sliows on diyiug isolated, swollen points of colour, 
the uniformity or non luiiformity of which is readily seen A variation of this tost consists 
in ^rlnklmg a httlo of the 2 X>wder on to the suifoco of concentrated sulphuric acid contained 
m a fiat porcelain capsule. 

The use of the speciroacopt bos bocu suggested for differentiating betAveen voiioua groups 
of colouring inattora, the positions of the absorption bands being observed when white 
light is passed through on aqueous or alcoholic solution of the oolounug matter of deflmte 
concentration oontamed in a glass vessel with parallel gloss walls. The spectrosoope is now, 
howeve", soai’oely ever used, owing to the unoertomty of the results obtained, but it is 
useful in detooti^ the oolouring-umtter of the blood {see laicr Heamoglobin) 

The qualitative aimlyBls of colouring mattois for the detection of the pimolpol groups 
may be earned out according to the method of A G Roto ^ or to those of Weln^rtner and 
Green. The latter, which are largely used, ore briefly as follow 

I COLOURING-MATTERS SOLUBLE IN WATER {A) If the aqueous solution gives 

^ llota’s method, extended by BuzeI (1011), for analysing colouring matters oouslsts of four 
senes of tests 

A This is based on tho usually quinonoid oharocter of those matters and hence on their 
bohaviour towards add reducing agents, preferably stannous oliloride , the alkaline reducing 
agents do not servo well, os with all colouruig matters tJiey give leuoo-denvatives which are not 
very oharaotenstio 

The behaviour with SnCl| + HCl permits of the dlvisbn of all colouruig matters Into tho 
follow^ four groups 

1 Those which arc deoompoaed may oontolu tlie folio wmg oltromogcns (p 704) 

O 0 



n Those whioli ore redwed to oolourloas leuuo compounds, wliioh can bo reoxtdifKid, ountoln 
tho ohromogens 

N N N 



(or 0) 

in Colouring matters which are neither redact nor decomposed, bub have a bade ohoraoter 
and oro partly decolorised or preoipliatod by oanstlo soda, contain the ohromogens t 
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in the eur mdioatee azines, oxosinoB, thlazmes, and aciidiaeB, t e,, aooording to the oolour, 
pyronino, safranine, rosinduline, phosphine, benzoflavine, induline, eta 

(IZi) If the original colour appears but weakly or not at all, but is formed immediately 
on moistening with a drop of 1 per cent, ohromio acid solution, tlie colouring matter belongs 
to the rhodanunca or to the tnplienylmethano group , 

(lo) TJie non appearance of the original colour under any conditions indioatofi auratnine, 
thioflavine, ohrysoidlne, Janos colours, Bismarck browiu 

B Non precipitation of the solution by tannm, etc {see above), denotes the preaonoe 
of acid oolounng maUera 

(2) The solution of the colour is reduced as m (1) or with Zn + NH^ and a drop placed 
on a strip of paper 

(2a) The reappearonoe of the original colour on shaking the paper m the air indicates 
Hulphonio or mordant dyes of the groujis of ozmes, ozazines, thia^nea, soluble induline, 
iiigroaiues or ozoearmiue, thiocarmino, indigo oormme, goUooyamne, Mikado orange. 

[2b) If tlio oobration reappears only after treatment with ohromio ooid or ammonia 
vapour, the original aqueous solution is acldlRod with sulphono ooid and shaken, witli 
ether , coloration of the ether and complete or almost oonLpbto dooobnsation of the solu- 
tion indicates phthaleius or aiiraminos, while non coloration of the ether shows tnphenyl 
methane dyes 

(2o) Non coloration of the paper oven whoa heated in a flame or treated with ammonia 
vapour points to azo , nltro , nitroso , or hydrazine colours, which, when burnt m powder 


dlohromato (for the mordanting, aee p 771 and later. Dyeing Tests) The more or less iiitonso 
colours assumed by the samples give fncboatlons ooiioeming character of the oolourmg matter 
[aee p 772), and oondrmation of this is obtained by various tests on the dyed fabric 

(a) ^le colour ta aubalanltve if, when the dy^ sample of natural wool is heated in faintly 
nlkatlno water, the colour possoa to the wlute cotton placed in the same bath , 

(fd The colour ta aeid M the change indicated m (a) is not observed, and if, when the bath is 
aoldlQod, the wool takes up the oobur it gave to the allcaJlno hath , 

(o) Tlie colour u baaic if in bath (a) the colour posses from the wool to a sample of wlute 
cotton mordanted with tnnnlu , 

^ The coiowr \a jdi&tioltc If the tint on mordanted wool vanes with the noture of the mordant. 
Teshi may also be made on the solution of the coburbg matter , thus, if it Is preoipitatod 
by tannin or piorto add, the ediouT ts basic , If ether extracts the colouring-matter in an. acid 
medium, the colour ts ^hmolxc, whereas if other extracts the coloured base in an alkaline medium, 
the cfdour ta baato 

If it is established that the oolouring matter, containing a given ohromophore, is basio m 
nature, oil odd, subatontivo, phenolic, oto , oolouring matters with the some ohroTuophoi'o ore 
excluded 

D For the further Individualisation of the colouring mattei, useful information la givon by 
the following reaotlnns oharootonstlo of the substituent radicals 

The NH| group Is recognised by dloaotiHiug and then coupling [atv p 782), by which moans 
a new oan oolouring matter Is formed, or by boiling the diazoiasea piwlnot with water, tlie forma- 
tion. of the OH group bdng shown by the increased solubility in NaOH compared with that of 
the original colour 

The more or less basin groups arc Indicated by the greater or loss sonsitivoaoRS of the solution 
to mluoral adds 

The 1^0Ho)| group Is sonsitivo, as seen in methyl violet and methyl orange , 

The NH, gronp Is less sendtive, as In fuchrine and add yellow , 

The group — ^NH — \ ^ sensitive still, os in aniline blue and mefcanll yoUow 

Different oolorationa wito dliTorent conoeutrafcionB of add indicate sovorol solt-fomiing groups. 

To complete the oharooterlsatlon of a ooburing matter, the latter must be tested for 
halogens and nitro groups Thus, to distinguish allzann yellow E (aec above) from diamond 

yeUoio 0, CO,h/ Nn = NOH, the nltro group is tested for by reduction and 

duwotisatian, Its presence indicating alizarin yellow Other colouring matters are differentiated 
by testing for ohl^e and brombe. The azo dyeatuffa are oharoctensod also by the formatbn 
of the corresponding diozonlnm nitrates when treated with concentrated nitric odd 

^ - N-<;^ \oH _► - N tlOa + NO.<^ ^OH 


<_> 


then, by testing for diazo compound with naphthol and ascertaining the soJubihty of the 
nltro d^vative, the position of the sulphonlo group In the molecule may be determined. 

The Tables given on pp 798-802 aJPord considerable help b the rapid oharootensation of 
colouring mattears. 
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DYESTUFFS ON FIBRES 808 

directly on a platinum foil, giye oolonrod vapours , naphthol yellow S, piono ooid^ Viotona 

yollow) 

(2d) If on reduction the solution is not dooolonsed but becomes reddish brown and m 
tho air regains its onginol colour more or less, alizorm S, alizonn blue S, and the Uke ore 
indicated. 

(2fl) Complete or almost complete failure of Zn + NHg or Zn + Hd to deooloriBe the 
solution shows thiozolo yellow, mimosa^ qmnoline yollow S, pnmnlme, thioflavme S, 
ohlorarmno yellow, eto. 

IL If tlio colouring matter, in a Uttlo water and Hd, is prooipitated and gives on evolu 
tioii of SHb (dotootablo with load acetate x^fl-per), and is rediasolved m 10 per cent sodium 
Bulphido solution, tho presence of a afuljihur dyestuff is certain 

in If tho colouring matter is lusoluble in water, it is moistened and treated with a 
couple of drops of 0 per cent. NaOH solution 

A If it dissolves it is reduced with zinc dust and ammonia and a paper stresJEod with 
it (1 ) tlio rapid reappearance of tho original colour m the air shows ooa^em, gallooyomne, 
galloin, galloflavin, olizorm bluo, black, or green , (2) the non appearance of the cobur 
m tlie air indicates alizarin derivatives, alizorm itsolf, mtrosonaphthol, nitrosoresorcmol, 
Soudan brown, oto 

B Tho oolourlng matter does not dissolve in NaOH but is solublo m 70 per cent, alcohol 
(a) the solution shows fluoreacenoo, which with 33 per cent NaOH solution either dlflappoora 
(Magdala red) or does not disappear (alcohol soluble eosln, oyanosine) , (&) tho solution 
IB not fluorescent and is oobured reddish brown by 33 per cent. NaOH (oloohol solubb 
indulino, alcohol-soluble nigrosine, abohol-soluble aniline blue) , (o) the solution remains 
fluorescent (mdoplienol) 

0 The oolouiing-matter dissolves m neither NaOH nor 70 per cent, alcohol [indigo 
alizAriu blook, sulphiu: oobura (solublo in aodium sulphide) ] 

Groon (1906) has shown that the cliflerent groups of ooLouiing matters may be 
oharaoterisod by tlioir behaviour towards the oompound of sodium hydrosulphite with 
formaldohydo. 

RECOGNITION OF THE PRINCIPAL COLOURING-MATTERS ON DYED FIBRES 
Wlion the nature of a ooburiug matter is to bo studied, a dyeiug test should ^ways be 
mode first (see laier) and the tests described bolow earned out in the cold on the diy, dyed 
fabric, a small ploco (about 1 sq cm.) being troatod in a porcelain dish with 1 to 2 o o of 
tho reagent and any change observed In tostiug with mtno acid, one or two drops of 
the latter ore plaoed on the fabric and tho colour of the drop and tliat of its edges noted 
Tho hydroohlono aoid solution of stannous chloride is x)reparod by dissolving 100 gnus 
of tlio latter in 100 gnns. of tho ooneentratod amd and 60 gLins. of water Abbrevlatioiis 
of tlie nEimos of the colours and of tho ohEuigos produced are used, and when a oomx>ound 
colour IS formed, it is indicated by the two fundamental oolours composing it , thus com 
hination of red (R) and yollow (Y) gives soarlet (RY), green (Gn) and brown (Br) give ohvo 
(Qr Br), oto (see Noto at foot of Table, pp 708 ei aeq ) 

To BAoertoln If on xndigo dye on wool oontoms also logwood or sanddltDood, a pieoo of 
the fabno is heated with dilute nitric acid (1 0) , mdlgo alone gives a straw yelbw, while 
m proaonce of either of the other oolouring-mattors, a more or less brewnish colour is 
obtained Or tho shroddod dyed toxtib is heated for an hour wltli fused phenol on the 
water-batli, tho plionol being decanted off, tho operation repeated with froslL phenol, and 
tho material washed two or three timoa with strong alcohol ajid prossed If the wool were 
dyed wltli pure indigo It will be quite white, but if there were threads dyed with other 
oolours (e>g , anthracene blue, sandalwood, eto ) these ore seen under the Toioresoopo to 
be still oolourod 

According to E Kneoht (1000) the indigo on a ootton fabric may bo deiermiTbed qitanii- 
kUivdy as follows 4 grma of the fabric, out Into pieces, la dissolved at 40° in 26 o.o of 
80 per cent sulphuno amd t the volume is then made up to 120 o o with water, the indi 
golw of the soluble sulphate being thus precipitated. This is ooUeoted on a Gooch filter, 
dried at 110° to 116° and welglied It may be redisaolved m a little sulphurlo amd by 
lieating on the water-bath for an hour, the mdigotinsulphoulo aoid in the diluted 
solution beiug titrated with permanganate. The.presenoe of basic or sulphur colours 
does not interfere with the estimation, since ^^se eitlier remain dissolved or are 
decomposed. If the fabric has a coating of manganese dioxide, it must first bo dissolved 
in bisulphite ^ 
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p N'JranxlvM ted may be diBtmgaished from other reds (Turkoy-red, beozo purpnrina, 
primoline, etc ) on cotton by heating the fabno at one point ovor a bituiU flomo , a oloar 
spot IS formed and port of tlio colour sublimea on to a pieoo of paper plocod abovo tlie 
fabric The spot does not resume its original colour either on oooUng or on moistening 
(Kneoht, 1006) 


TEXTILE FIBRES 

Before a description is given of the processes and plant used in dyeing texiilo fijbros, 
the physioo chemical properties of these may be outhned. 

WOOL Only sheep and certain goats furnish true wool used In tiio groat toxtilo indus- 
tries. The wool hbro is readily distingiushod froiu 
the hairs of other animals by its softncBS and Riioiieas 
and by its wayineas and curling, which can bo soon 
with the naked eye. Also undor tho microscope a 
markod differenoo from all otlior hairs is cosily dis- 
oermble (Figs 472 and 47?)) Tho whole hkmont 
seems to be oomposed of olosoly suporposod scales, 
which are more or lees large according to tho quality 
of the wool It is the saw hko or soriated stniotnro 
of these scalos which explains why wool loadily forms 
a felt when rubbed, the fllomoiite boooining more or 
loss Rrmly attached one to the otlior ^ 

TIio quality of a wool is closely dependent on tlio 
breed of sheep producing it and only partially on tlio 
ohmate, food, and age Tho yield of wool is groat^b 
from the second to the sixth year Tho flnei wools, 
furnished generally by tho menno brood,® eu*o long, 
slender, soft, and very wavy, and foim tlio so- 
called cortOixtig wod for the boat woollens Shorter 
carded [Sdeaxarit Baxon), although nowadays nearly 
all could be combed with the unproved maoldnoiy available, and a largo poj*t of tho corded 

I U III IV 
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wools cannot be combed but only 


1 The whole of the wool ooveriug the sheep forms the^cfice, wliloh is kept entire even after 
Bhearbig (this is done in May) owing to the scaly struoturo of tho Hlamonts Wool obtained by 
shearing twice a year la called bietodCf while that from alanghtered ahoep is termed shxu wool 
and frequently contalna dead hairs, which have little affliuty for colouring matters and are often 
impure owing to the use of lime, arsenic, etc , as preservatives If the sheep is washed in the 
tank before ahoarmg, the wool is known as washed, the other being oallod in grease or WMJoaahsd 
The fleece (weighing 2 6 to 3 kilos) contains different partsrf different qualities, and these 
the sorters separate by cutting In one and the same fleece the flneat wool is that of the shoulders, 
then comes that of the neck stoinwh, flanks, and back, the poorest quahties being those of the 
he^ legs Certain African sheep (Morocco), and, to some extent, the Lmodn, Leloesber, 
and Welling breeds, give long, coarse, and only slightly curved flbrea, which are used for 
special labncB and for mattresses 

• Marxnos are indlgenotie to the plame of Estremadura and Andul niria (Spain) whore thov 
were jodoualy guarded for aome oentn^, exportation being prevented £^e nineteenth 
oentnry the 8pa^(k themadvea mtroduoed them Into the Argentine, where throe prinolpal 
typea ware developed SambouiUet, NegreUe, and Ltneoln, and a aunUar result foUoW 0io 







WOOL 


BOB 


wool IB obtoiued from shoddy ^ Tlio loiigths of wool Abrca vary from 4 om to SO om and 
the diameter from 0 014 mm to 0 06 mm Tlio fluor wools (merinos, l?lg 472) have as 
many as 13 waves per ceutimotro, while tlie more ordinary ones have only 3 (1‘bg 472 i?, 
natural mzo) 

The worlds a oxUpid of wool was about 1,300,000 toiis m 1003,^ 1,4150,000 m 1007, 1,630,000 
in 1013, and 1,400,000 m 1020, the consumption iii 1020 being 876,000 tons 

The great moikot for wool m Europe is at Antwerp, and the pnoe is fixed by auction, 
aoeount being talcaii of the yields of the various wools (Conditioning, see Icder) after washing, 
some of them losing 40 to 70 per oent. of their weight owmg to the removal of dirt, greoso, 
oto , the normal or natural moisture, after washing and drying, is token as 18 26 per oent 
Tho pnoe of raw wool vanes somewhat from year to year and oven in the same season 
from about 1« 2d to 2^ per kib (pre war) Auatrohan wool is worth more than that from 
the Aigentino 

Unwashed wool (Australian weighs about 100 kilos per bale), after sorting, is washed 
witli soap and soda at 46° to 60° m vessels (Lemaiharia) provided with loose forks for mixing 
and, whon nuurd, is dnod m revolving dnims by means of hot air The washed (or salted, 
Bueh as Italian or Cape wool, weighing about 110 kilos per bole) wool is theii carded and 


auiiQQusloiis made to Franoe and SwedoiL The Enghsh hitroduoed them, with great auooesa, 
into Australia and Capo Colony Tho Elecioral breed orkpnated in monnos which were Imported 
in 1760 into the Eleotorate of Hosse, and spread into Sileaio, Saxony, WQrtomberA Hanover, 
Moravia, and Hungary , it now furiilahos a largo proportion of tlie raw material of German and 
AuHtrlan wool factories* 

In England the Clievxat breed baa assumed considerable importanoe find yields a long, yellowiBh 
wool, not BO Hue as morhio CTuashrtftdSf obtained by Grossing Argentines ivlth Cheviots, ore also 
larfmly bred in England 

The breads ore derived from pure and Saxon merinos The oonimoneat varieties ore 

tlio flUuyftk, atdnrak, resceitoveak, oud romantmk (tills Is used for furs) In I^onoe the wool of 
tho Burgundy and of tho Berry is highly valued 

llaUan wools, wldeh ivere ouue famous, ore now of little importanoe, and only Apulia, the 
Tuscan marslios, and tho Roman provuiee furnish a small port ox tho wool consumed In Italy 
Good wool 18 also obtained from certain breeds of goats, auoli os tlioso of CaalmWf whloli 
fiourish in die Himalayas, nearly 6000 metros above sea level They furnish a very flue wool, 
mixed, however, with much white or grey hair , It is exported to Fronae and Russia The 
Thxheian goalt ooellmatisod also ui France and in Beii^, likeudse yields a valuable wool The 
Aixyora goat of Asia Minor gives milk and a long wool (moAair) va ued for its lustre, even after 
dyeing 

The vxGMiva of tho reruvian, Chilian, and Mexican mountaina gives a fine wool, used in eertom 
cloths, which ore now made partly from rabbit fur (tho name vicuna or vxgomia yam is also applied 
to fabnos nf wool and cotton which oro quite distinct from vloiuia wool} Al'paca is greyish, 
and is furnished by a kmd of toll, long nookod shoep (Uaim) bidigenoua to Peru Camel imr, 
which IS worked like wool, has ooaiso fibres, and m its natural odour is woven Into certain very 
strong textiles, usod, for instance, for the seats and ourtolns of railway oamaaes 

^ Hhoddy IS obtained by dislntogratuig woollen zogs (previously sorted with rospeot to colour 
and separated from tlioso mixod with cotton) by means of an opener or demit formed of a drum 
funiishod ^vdth a number of stool pomts and rotating rapidly fiislde a second, fixed drum also 
provided with points , from tlits the rags Issue bi short, itooculont fibi^es, which are corded and 
tlum spun Tills industry, ntortod hi England in 1846 and sinoo than extended to other countries, 
allmra nf the utilisation of all woollen waste (fabnos and yam) , England alone imports from dl 
ports of tlio world about 16,000 tons of woollen rags per annum ilie coloured rags may often 
bo portloJly decolorised by boiling tliem with 2 to 3 per cent potasalum dlehromate and a little 
Bulpliurlo acid Admixed cotton (smmg and other) may be eliminated from tlie rags by bo called 
oarhontaaiton, which oonsifita m immersing the rags m sulphurlo ooid (4° to 6° B6 ), centrifuging 
and heating them lu ovens, tho temperature of which is raised to 120° to 140° lu the course 
of an hour tho ooUulnso of tho cotton 1b tronfiformod into brittle hydrooolLuloso and partly 
oorbonised, bo that it oan bo easily removed by subaequenb rubbing or by washing with water, 
this 0 ^ carrying away the odd rrom the wool, which is not affected by such treatment. In 
some ooaos, hydroolilono acid vapour or aluminium chlondo solution ib usod Inatood of sulphuno 
oold The carbonised wool ahows moroosed affinity for aoid oolouring-mattorB 

Also woollen fabrloa which contain bits or fibrea of cotton In such quantity that it is 
impracticable to plok them out by hand are oarbonlsed with sulphuric acid or aluminluin chloride 
before dyeing ana are tiiorouahly washed after removal from the ovem 

BeooloriBed shoddy mixea with new wool con be reoognifled imdor tho microscope owing 
to Itfl different colour, which often recalls the original tlnti 

■ The greatest sheep breeding countries are as follows, the numbers of thousands of Bheep 
in 1910 being given, in brackets Spam (10,062), France (10,846), Great Britain (26,007), Italy 
(11,824), European and Aaiatio Busda (77,000), Turkey (27,096), United States (48,488), Argon 
tine (81,486), Uruguay (11,482), Bntlali India (28,010), Union of South Africa (86,711), AustnJia 
(09,246), and New Zwlond (26,000) 
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oombed In some diBbidota tlie waaluiig is preoeicd by treatment T\ith benzejio to r<*niovo 
tbe greofle {aae, pp 486, 488) 

Tho great European market foi oonibod wool, not yet H2)nn In it woimJ auto balla of 
4 to 5 kilos (top8\ ifl in Eranco, at Eoubaix (and also at Tuuiuonig and Lille), wliero piiuoH 
ore fixed at auotiou, although there is a oousiderablo trade In ooinbod wool at IJnidfoitl 
and to a leas extent at Leipug 

These wools ore claaaifiod, aooordmg to their flneuess, as A, J3, F, tlio first Injing 
the finest and the lost the oommonor sorta , very fine wools are marked AA or AAA 

Before bemg ^im the washed wool is subjected to tho operation of hl&ui%7ig, » e , tlio 
vanons quahties of wool (fine, ordinary, long, sliorb, waste, shoddy, eta) being imxod so 
as to obtain yam of the desired count and fabric corresponding with tlie prioo and quality 

To faoihtato splmilng and avoid 
felting, the wool ih idightly oilnil 
(witli olive oil, oonuncreial 
oleino, soa^i enmlsiun, (^t<i , but 
not wltli non aa^ioiiillnhlo sub- 
staiiGes, Huih os mmeral oils or 
resins, which would be diiriuult 
to roinovo from tho fabido hy 
washing, and would lead to iri'c- 
gulor dyeing) In passing through 
tho combs or cards, tlie various 
fibres arc perfectly mixed and 
reudorod paroUol Tho coarse 
Btiiinclfl (£opfl) are gradually con 
verted into finer but not twisted 
atiands, winch ai-o wound on 
bobbins (jwepored) and ore tlioii, 
hy moans of Ingonious, aplj 
cuUng maohlncfl of ouoriuoim 
capacity, spun to tho doalrod 
fineuoSB to give, when twisted, 
yam of tlio required count ^ 
During spinning, tho air of tlio 
room must bo kept inolstonod 
with water vapour (wc Vol I , 
p 337) to prevent tho paiollol 
fibres from diverging and giving 
a non luilfonn yam Sallufac" 
tory weaving also requires a 
ooi*taiu dogroe of moisture. 

Pia 474 Chemical Properties of Wool 

Pure wool oonsista of 0, H, 0, N, 
and S, the lost varying somewhat in amount and being partly removed by repeated 
washing m boiling water It is henoo improbable that wool oouaisLa of a single ohomlcol 
oompoimd (it was at one tune thought to be heralvi^ containing 4 to 6 per oont. S, but there 
appear to be other substonoes also) In 1888 Richard showed that tho compounds forming 
wool contain and NH groups In a solution of alkali or a salt, wool fixes ohemlooUy 



1 Of Yarn, eithM cotton or wool, da given by tho number of Jdlometres weighing 

1 kUo (mtemattoniJ oo^t) or half a Hlo (Prenoh ooont) In Great Britain, tho count ropr^nta 
tho nimhor of hanta of MO yards (1 = 0 014 metre) per 1 lb (468 grina ) , hanuo^^alv 

oount No 1 IS oqu J to Frenoh oount No 0 847 and to international oonnt No 1 604. Dl^oii 
^ count, multiplioation of the Prenoh oount 

MonL the international count, while division of the Enghah oount by 1 18 glvea the iffrenoh 

80 has the oount 80. Its weight par unit length being 
BO aa to give a oount of 80 to 80 or oven of 120, wiiilo the oommonar 
quonlaes mve counts of 80 or even less 

Por «W, the Itotemationri Ooi^eaa at Pans in 1000 oooopted the Italian oount, which 
^r^ the w^ht m denari (1 denaro = 0-06 grm ) of a langS of 460 metree, the flaw yams 
to M to^ of 12 to 20 denari, and ortlfloial silk 
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part of tho oUcall or salt Couoentrated alltaU difisolves wool, forming ammo aoida, tbe 
jnost important bomg lanMjgio aoxd^ wluoh. was isolated by Kneoht and Appleyord and 
oxlilbita tho same behaviour towards oolonring inattors as does wool 

It Is probable, thereforo, that wool ooiitaiDB at Ipast 
. ono oarboxyl group Tho affinity of wool for add 
/ / / 1 \ \ {(l( lf(j colouring matters (often sulphonio adds) is oiplomed 
I ( ( V J I y I l>y tlio preaonoo of ammo groups and that for basio 

\y ^ presenoe of the oarboxyl group Certain 

highly basic oolourmg matters (auoh as methyl green) 

^ J \ ^ do not, however, colour wool, the acid character of 

^ which la too weak, while they colour edlk, which is more 

|l| lU iJ i[|i|| markedly acid. Tho fixation of metallic oxides (of Cr, 

a * fij 0 |j|i ITo, Cu, AJ, etc ) In the mordontmg of wool la due to the 

Un formation of salts with the oarboxyl group 

I M The salt-fomung property of wool oon be easily 

jj) \ Vil demonstrated by UTunoraing it In allot colourless solution 

M ^ |||\ of rosanlhno (base), whioli colours it red just as though 

t 1 , 1 ^ III it wore dyed with red roaonillno hydroohlonde. Kneoht, 

? u W 111 I Witt, and Nilscn have shown that the action of ohlonne 

liJJ U ^ IImI on wool IB to intenaify its aoid oharaoter, so that it 

S B KH tits basio dyes the more readily, at the same tune it 

ra V ^ III loses partially Its capacity to felt. 

|\ n!|y KoUey found that wool decomposes potassium bltar- 

3 I ' y I trate m boiling solution, generating the neutral tartrate 

' \ ! I J| and fixing tartaric acid. In 1808 Korteaz utilised mdus 

'i 1 111 tnolly, for the sunultoneous produotion of two colours 

^ \ I Im wool, tile property this shows of fixing aad colour- 

' j ^ H M matters more mtcnsely at points where it has been 

[^\ \/J illHll oorofully treated with caustic soda, the latter neutraliamg 

4>^5 the oarboxyl group and thus rendering the basic oharaoter 

(Magnified 300 tJmoa) more pronounced 

Wool loses much of its afflm ty for aoid colours 
when treated with phosphotimptio aoid, but recovers it when subjected to the action 
of ainmomum bicarbonate (Scrldo, 1009) 

Of practical importance is the behaviour of wool (or cotton) waste oontoimng ordinary 
oils or fats (not wool fat), os it readily ignites owing to energetic oxidation and oansea fir^ 
(we Pyrophoric Substances, VoL I , p 180) 

An aqueous extract of pure wool gives a precipitate with either tanmn or basio lead 
acetate, while tnio glue oz gelatmo yields no pi'ooipitato with the 
latter reagent Pure wool ooutalns 14 per cent of mtrogen. 

COTTON IS tho white down sun'ounding the black cotton seed 
and is contained in capsules (each weighing about 30 grms , 10 grms. 
bomg cotton) which, to tho number of 300 to 400, form the fruit 
of Ooasypium — a shrub 5 to 4 metres m height {see ITig 474) 

When the fruit is ilpo (in Amorica In August), tlie capsule opens and 
throws out a wlilte tuft of cotton, which is fixed to the seeds After 
harvesting, tho cotton is freed from seeds by means of cMm gins 
and compressed hydraulically into bales holding 500 lbs. (227 kilos) 

Oottoil ]B prodtlood most abundantly In North Amonoa and, to a 
leas extent, in South America (Brazil, Peru, Oolombla, etc ), and the 470 

Antilles (Haiti, Cuba, etc ) Its cultivation is also of importance In (Magnified 200 tunes, 
the East Indies, Syria, Maoodonxo, etc Egyptian cotton (mako) is 
valued on aocomit of its lustre and length of fibre. Cotton is also grown m AustrahaN 
Attempts have recently been made to cultivate it m the Italian colony of Eritrea, but 


Fin 475 

(Magnified 300 tlmoa) 


without great success. 

The best qualities have fibres 30 to 40 mm in length and the lower qualities (Indian) 
lOtoUmm- Tho fibres are 0 016 to 0 020 mm thickness and imder the microscope have 
the appearance of fiattened ribbons with a twist here and there (Fig 476, the upper part 
of which shows the transverse sections) When treated with ammonmoal copper oxide 
solution, cotton swells very considBrably, forming supaiposed oapsules separated by con- 
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BtnotiouB (Fig 470) By oold oouoentrated oaustio soda aoliitioii (30° to 35° Bu ) tiui flat 
flbi'e IB oouveited into a oylmdnoal one almost olroular m seotiou (Fig 475 / j wflc MmuTl 
Bation) with a thin oentrol ohannel If immeraiou ui the soda is prolonged for two oi thn^o 
mmutea, during whioh the skein or fabno is kept stretched, and the soda is sulwoqneutly 
washed away while the tension is maintained, the skein will not oontioct and tlio Hbnw 
present a lustroua appearance (wicrosrwoi coUon) and are strongor and lioavior tlinii in tlioir 
original state (soda cellulose and then hydrooellulose are formed) ^ 

^ History and Properties of Mercerised Cotton In 1844 J Morcer, clionilst in a 
LanoBsbire oalioo-prmting works, having filtered a oonoentrated uauatlu soda Holutlon tlmnigli 
a cotton filter, noticed that the cloth had oontraoted somewhat and Imd Iracoino tliinlcm and 
transparent. Before filtration the liquid had the sp gr 1 300, but after flltratiun only 1 2(10 
On studying the phenomenon, more closely, Mercer found he ouulcL icprodnco It at will with yam 
ImmerBed in oaustio soda solution of 20° to 30° B6 , whiio he establisliud wibli uurtaliity that, 
under such treatment, the cotton fibre shortens by 20 to 26 per cent , tlilckouH and iHMioincH 
stronger (by about 60 per cent ) and of moreased aifinlty for colouring matturn Jlc hIiowoiI, 
too, Slat the phenomenon is more rapid and more mtenra at low temperatures, while at tliu 
bollmg point no oontraotiou oocutb. Similar changes are produced by treating euttmi with 
Bulphuno add of 60° to 66° B6 ox with zinc ohlorlde solution 

m October, 1860, Mercer was granted an TlMgHah patent (13,200) fur lUdroaHing, by this 
treatment, the stren^h and oompa^ees of cotton and Its affimty for dyos 

In 1884 F and C l^poully patented a process for the partial morooiisatiau of fahrlos by whioh 
parts of the fabric were brou^t Into contact wiUi an alkali solution , tlicsu parts uontrautod 
emd oaused the other ports to ourl, beautiful orape effects bemg thus obtained 

In 1890 the textile world was astounded to see on the market somploB of line eottoii of the 
moat hrilhant colours and the lustre and feel of silk. This product waa prepared by tlio mruab 
dyeing firm Thomas and Freyost of Crefeld, according to their Gorman ratout, No 86,5(11 of 
March 24, 1896, which reads “ Improyement in the morcerlHatlun of vogebabJo llbrus 

with alkalme or acid solutbns, by subjeoti^ the tightly Hlrdohed yarn or fabriu to the action 
of alkali (caustio soda of 16° to 32° B4 ), or of acid (Bulphurio add of 40 5° to 65 5° Ho ), tlio 
Btretohlng bemg mamtamed until washing Is complete — ^when it is rdiovod H])oiitaiicoUHly— and 
the shortening of the yam or fabno thus prevented.” The spedflcatluii does nut refer to the 
lustre assumed by the yam, but this is mentioned in a later odoitlou 

These Thoman and Frevoet patents were, however, oimuUed a oouplo of years latiT In all 
Qountnes, sinoe various oompetltors found that on xdenixeal procosa liad boon pawnUMl (No 44521 
in England in 1800 by H A. Lowe but hod not been renewed within a year houauHo Lowe cuulu 
not find an English manufootiirer disposed to make practice use of it Ijargo qnantltioH of 
mercerised cotton are now freely produced in all countnes 

The shortening of the fibre and its moreased stren^ produced by oonaoiitratod alkali Holutloii 
may be understood if the changes oooumng In the fibre Itself ore followed under inluroHcopn 
While the fibre of ordinary cotton is seen to bo a flattened empty tube with an (munsional twstj, 
that treated with oaustio soda without stietolmig Is shortenea and swolleu and funns an oval, 
almost round tubo with thickened walls, but stm with an mtemol ohannel , oulHidn it sliows 
oreases and a rough surface. By meroorisation under teusioii, liowovor, the (Ibre bnuoroes 
hko a straight, round tube, smooth and witihout visible oreosu outside and alniosL ontiroly llllod 
up Inside Those changes e^lam the silky lustre and also the increased strongth, tho flhi-o 
boooming more compact. Buntrook*a expenmente showed that meroorinatlon o< ours very 
rapidly with oaustio soda of 30° B6. the Bhortomng of the fibre after one mltiuto is 23 per ooiitl 
and after 33 mniutes 20 per cent., which is the maximum attainable 

W Vleweg (1008) determhiea the of Diercmealion by a method boHoil on tho foot that, 
in 18 to 24 per cent NaOH solution, oott^ fixes an amount of NaGH corresponding with 
{OaHiflO|),NaOH, while in a 40 per cent, solution it fixes double this amount, ((3,U,o()a),2Nat)lI 
This aoda-oelluloao loses its soda when washed, and the recovered cellulose has tlio property 
of taking up more or less oaustio soda m a 2 per cent NaOH solution, non morcorisod oottoa 
fixing 1 per cent., and meroenaed 1 to 3 per cent, of NaOH according to the dogroo of previous 
meroerisatlon Li praotioe this degree <2 meroorisation is aaoertalnod os follows j 3 grins, of 
the dry meroemsad cotton is shaken for an hour with 200 o.o of exactly 2 per cent. NaOH solution 
1 n a Beparating fu nn e l , 60 o o of the solution being then titrated with somi-numial acid and tho 
amount of NaOH absorbed by the cotton calculated. A qualitative test for detecting moroerlsod 
cotton mixed with ordinary cotton and oxyoelluloBe was given on p 002 To asoortaln if a fabric 
IS meroerised H David (1007) plooea a drop of oonoentrated soda on the fabric, which is then 
washed and dyed with a Bubstontivo dye , a more intense colouring on tiie place touched by the 
soda mdicates that the original fabrio was not mercerised. 

To distinguish between meroerised and ordinary cotton, Kneohb proposed the follo^ving 
test, whioh, however, sometimes gives uncertain results i A mixture of tho two outtona is dy^ 
m 6 0 0 of hot benzo purpurmB 4B solution (0 1 gnn In 100 o o of water), about 2 o o of 
oonoentrated hydroohlono aoid being added to the hot bath , non mercerised cotton then beoomoa 
bluish black, whilst mercerised remams red. If oxyoelhilose (formed by the action of calcium 
hypochlorite) is present, the cotton is dyed m Congo red and add then added ordinary cotton 
ond oxycelinlose turn bluish block, whilst meroCTised cotton remains red , after prolonged 
washing, the pure cotton t hen bcKiomee redj the oxycellulose remaining block and the meroerised 
cotton red. 

I*ng6 (1003) soaks a poeoe of the fabric in saturated zme ohloride solution and then drops 
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The oheUllool olidraotera of ootton are those of oellulose described ou p» 609, punfied. 
oottoii being pore cellulose. For its behaviour towards different dyes, see p 772, and also 
later 

Tile world’s production of ootton was about ^,600,000 tons in 1904, 6,000,000 m 1908--9, 
and 0,228,600 (27,703,000 bales) in 1913-14 The world’s consumption was 17,600,000 
halos m 101i)-20, iiioludmg 3,800,000 boles m the continent of Europe, 3,200,000 in Great 
Bntoln, aud 0,600,000 m the United States,^ 

The conversion of cotton from flock to yam is effected by carding or combing m a Himllai* 
inaniior to shoddy {see c^HJve) Very flue counts (160) are spun m some oountnes, but m 
Italy, whore nt one time 80 was the flnest, 00 and 00 are the usual ones, although 130 is 
Bomotiiuos obtalncnL 

The immense importance of the ootton industry is shown by the following Table — * 


Country 


England 

United States, North 
„ „ South 

Russia 
Poland 
Qorinany 
I’rajjoo 
Austria 
Hungaiy 
Switzerland 
Italy 
Spain 
Portugal 
Syria 
Norway 
Deumoik 
Holland 
Belgium 
Roumania 
Turkey 
Groouo 
Asia Minoi 
India 


NiiiiibDr ol TliouBandB of 
Mlllfl BplmlJuB 


XhoibuuidB Of 
Looms 


Couflunip- 

th“ida 

kDoB 


60,905 
14,810 
8061 
0656 0100 

1200 — 

8832 11,400 

0160 7400 

3280 ) 

104 1 
1711 — 

2436 4600 


704 

341 

174 

155 

12 

212 

200 

110 ) 




^ The total quantity of aottonaoed produced annually throughout the world (11,000,000 tonal 
flhonld yield almost 2,000,000 tons of oil, 'But in the United States more than one-haJf of the oU 
oua oako arc wasted 


on to different ports of it 10 to 12 drops of a solution containing 20 grms. eff H and 1 grm. of I m 
100 0,0 of water The fabric Is manipulated and pressed for a minute and then gently squeesM 
between the flngars under a gentle water jet unm the brownish red colour at first 
dlsappeaiB under this treatment mercerised ootton remains deep blue, whereM non meroeiised 
cotton becomes white Similar results ord obtained by Hflbner (1908), who immerses the 
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In one of the oottou iniJla of the United Slates 13i woikxieoido aiv Hiidlt iiniL lu oviulnc 
2000 Northrop looms, a olover workinan attending na many uh 20 looms, Avlnlo 'willi tl 
less expert the number never folia below 
12 , these looms make 165 strokes per 
minute with good warp and weft 

KAPOK IB a cotton like fibre from the 
frmt or oapsula of the tree, Erxodefivdrum 
anjTactuo9umt growing partioularly in tlie 
East Indies (Java), and jb separated from 
the oily seeds (ae& p 400), just as with 
oottom As its fibre is not very long, it is 
largely used for stuffing mattresses, 
oushions, ete The fibre is pale yellowish 
grey and lustrous, is difficult to wet and 
readily fioats, being used also to make 
hfe-belts, Prom 8000 to 10,000 tons of 
kapok fibre- is exported annually from 
Java, mainly to Holland 

FLAX (Linum •usttalissimum) is a 
herbaceous annual, growing usually in 
temperate regions, and reaohmg a height 
of 60 to 80 cm (Fig 477) It bears 
clusters of blue flowers which give oap 
Bulee (Fig 478, 2-) containing flattened 
lenbonlar seeds (Fig 478, 1) It was oulti 
mted first m Egypt, then m Greece, and 
later m Italy and vonoiia other parts of 
Europe (Belgium, Holland, Hussia, etc ) , 
m Italy the cultivation has dmiinlshed 
very considerably, although it is stiU 
followed in some parts and is oamod on 

in the south of Sioily for obtaiiung the soeds Thoio oro two ordinoiy voidotkw wliloli oi 
grown for both fibre and seed autumn or mnterflax, wliioh lias a coanio Jlbro and is how 
m Ootober and harvested at the end of spring, the ground being loft fioo for another oi-op 
and that sown in March, which Is pullotl In tho suininoi when th 
seeds begm to brown but oro not (lulto lijia Ilax iilants arc pullo 
by hand and arranged in ahoavos to diy and to matiii’o Llic sooth 
After removal of the latter by tlucshmg, tlic jdaiitu arc made Int 
large bundles, which are left for 15 to 20 days in Htagnont watw 
where the action of micro organisms {Amylubticier, biiLync buotwic 
results m the dissolution of those parfij of the tljwuiw which iimt 
the long fibres to the oortex and to tho pitli yiio bundles arti tlio 

moiateued and squeezed cotton for a fow socouds iii a uulutloii of 2 
gnna of iodine in 100 o o of saturatod potOHslum Iodide sulutium 
"When cotton is nieroeiisod with tousinn its streiigMi iiiureaaos b 
36 per cent , and when morceiTSod without tendon by os miicth i 
08 per oent. The elastioity is greater m oottou moroorlHod w^tlioi 
tension (27 per oent^), while with cotton inoiporlsed under tonslon 
IB u n c han ged ^20 per oent ) Tho luatro of meroorlsotl cotton Is m 
altered by washing or dyeing 

In order to obtain satiafoato^ results and a good lustre b 
.. . * u .V “eroeiaaing, it is beat to use loug fibred cotton , the Siorter tho fibi 

greata must be the tenmoiL It ib also necessary to boll tho cotton thoi-ouglily and wna 
1 j placing it m the oauatio soda bath, os otherwise, besides obtoininfl lot 

lustre, tiiere is great danger of iir^^lar dyeing 

^ UBIWI way with’ baaio dyoa, being preoeded by mordftntinj 
w oont.™ a litae tukoy rod oU or Boap, the tempori 

tore being kept low at the start to avoid non unlfonnHy Old oanstlo soda hathsf which bouoni 
lar^y oo^^d into wdlim oarbe^to and so d iminish In aotivity, oan be used for soap maklnf 
To import a ^ ferf to moroarlsed ootton, the lotter is w^ >vaabed, Immersed for n io 
at 0 e B6 , pressed, introduoed into a bath of hfanelllos aoa 
L<&rpre^^ &En^o^wtSr gnns. per Utrt 




Fra 470 

(Magnified 200 tunea ) 
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opoued aud dried in the Md. Instead of beuig reUcd m this way, flax is ui somo ooiintnes 
lieated in largo autoolavos for half on hour at 125° with water from a prcooduig operation 
and then for an hour ^vitli stoam at wpcesauro of 6 atmos The dnod flax is freed fi-om tho 



JTiu 480 Pig 481 


friablo oortox by bruiamg betwoon sticks, tho opeiation being oomplotocl by blo^vs from 
aoaiclimg kmyes (the waste forms tho iow) The flax is then oonibcd and plaood on the 
market m large, twisted tresaea of 200 to 300 grma , the pnoo before the war being 144fl 
per quintal or 80« to 90fl, for short flLra In Italy, a hcotaro of wmtor flax ylolds afout 
300 kilos of fibre and OOO kilos of soed, March 
flax giving £00 aUd 700 klloa respootlvoly , in 
Jrclaud, ^glum, and Garmony double os much 
flbro IS obtained* 

Tho number of spindles for spuming flax 
was, in 1012 100,000 (flax and hemp) m 

Italy, 1,600,000 in the liritisli Isles (tliroo 
fourths in Ireland), and 700,000 luProiioe, The 
cultivation of flax is felling in all oountrlos 
except Eiisslo. Thus, l^anoo hod at one time 

120.000 hootareu under flax but now has only 

20.000 (m spite of Qovernmout awards of 
£100,000 annually to onooui-age its growing), 
about 800,000 quuitals being imported (foiur 
fifths from Russia) to supply Its 700,000 
spindles, 20,000 hand looms, and 22,000 power 
looms* 

In 1913 England produced 12,000 tons of 
flax and imported 00,000 tons (80,000 from 
Russia) In 1014 Ireland hod 22,860 hectares under flax and in 1918 abnost 36,600 heo 
tores, whilst the area in Yorkshire increased from 616 hectares in 1014 to 7646 In 1018^ 

The flax fibre has a diameter of 0 02 mm. and is readily dlstlnguishablB imder^Jthe 
miorosoope from other vegetable fibres (Eig 479 1, spiral strlatJon , 2, extremity of the 

fibre and polygonal section , 3, bruised places) The fibre la spun into yarn In the same 
way as with cotton, but special machines ore used for the rocombing aud repreporiug of 
coarse fibres, which are drawn out in the moist state to a flnnr thread, and, at a oertam 

62—2 
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(Magnified 200 times ) 
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Btogc, twisted Ihe tow from these operationB is worked up by oordlng {aee Shoddy) 
Plax oen be ^un by Land to a count of 300, but by maobmory only to 200 , oortodu qu^ 
ties of flax can be handnspun, for very fine work, to amount of 1400, such yam ooetiug (pre- 


war) as much as £80 per kilo 

HEMP (Cannc^i aa^va) belongs to the order 
Cannabineoe and bears male and fomale flowers 
on different plants (dioecious) When growing 
wild it branches fFig 480), hut when cultivated 
for induBtrial purposes it grows to a height of 2 
metres or more without branching and has a finer 
and oloser tuft ui the oaso of the femaJo plants 
(Fig 481) Of the different varieties of hemp 
(hlbmla, New Zealand Bombay, and ordmaxy), the 
most important is tlie ordvnaTy It is sown very 
close m heavy, deeply worked soil, and is gathered 
in August, the plants bemg dned in bundles ou the 
ground The 'bcatmenb is similar to that of flax, 
but with a more 3 )rotTaotcd maoaration. The 
residue from the breaking is used to some extent 
in paper making , the hemp, more or less oombed 
IS twisted mto tresses like flax and made up mto 
boles of 160 kilos. Hemp fibres have a diameter 
of 0 04-0 05 Trim and ore easily distmguished 
miorosoopioailly from other fibres (^g. 482 1, dis- 

placed fibres , 2, o-d, form of the tip of the fibre , 
3, Beotian of a bundle of fibres , 4, stnation the 
QTOBsed transvenBe linos are not always seen, the 
parallel longitudinal stnations bemg more common) 
The long stems are out mto three lengths of about 
70 cm and are oombed first by hand and then by a 
maohme with long, coarse p<^t8, the waste form- 
ing the first and seoond tow, which can be subse- 
quently carded. A third combmg is oairied out 



Fia 483 


with finer and closer teeth, the coarse and then the finer ribbon being passed through 
maohmes similar to but coarser than those used for cotton and wool (preparlug), and 


finally twisted for ooarse twme yam, for oanvos yarn (count of 7 to 10), etc. Two 



twines twisted together give a s/nr^, several strings oom- 
bmed and twisted form arf^, and soverol ropes a cable. 

As well as for string, rope, etc , hemp is largely used 
for making coarse, strong cloth for bogs, waggon covers, 
boiIb, etc In order to render hump fabrics more com- 
pact and durable, they are sometimes meroonsod. 

JUTE (Qorchonia capsidana of the order TUiacoic) 
has been grown on on enormous scale in India and 
Bengal from time immemorial and is now replacing 
indigo Even in 1861 India exported 282,360 qumtaJs, 
and in 1868 the exports of jute Books were valued at 
almost £240,000 These figures are now nearly doubled^ 
owing to the development of the huge works in Ooloutta. 
In Europe its cultivation was oommenoed subsequently 
to 1830 It IS grown also in South America and in tlio 


Fia 484 United States 

(Magnified 200 tnnfis ) requires a moist, hot climate and soiL It is 

sown m spring, and the plants, 16 to 20 cm apart, mature 
in four months and attam a height of 8 to 4 metres. The shape of the leavee, stem, seeds, 
etc I is shown m Fig 483 It is treated in a similar manner to hemp, and the bales, weighing 
180 kilos, are tightly pressed for transport. The principal European centre of the jnto 
trade and industry is at Dundee The jute fibre is brownish yellow, and is bleached in a 
faintly alkaline chloride of hme bath (6° BA) at 26° to 80°, then nnsed, immersed in a 
0 6 per cent, sulphuno acid hath for 16 nunutes, and finally thoroughly washed. 
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Raw ]ube fibres aro easily distinginslied from other hbres under the miorosoope (ms 
I^ g 484 1, irrogular liimea of the fibre dotted at the top , 2, dbro with broken lumen , 

3, tip of Hbres , 4 and 5, Bootions of Hbre with thin or thiok walla) and show more or less 
lustre ouoordiug to their Ruoness. 

Jute oompetos dlrootly wi tli hemp smoo it servos for makin ' the some artloloa (sooks, 
pooking olotli, carpets, tonts, furniture oovorings, etc ), but whoii mido of jute the^o do nob 
witlifitand woslung or oontiimous ^ubbmg, although they resist the not Ion of aoid or alkahne 
solutions rather bettor than oottoiu 

SILK The Chmoae soem to have known tho ailkwonn os early os 2000 years B a 
Although they understood the preparation of silk matonals, tlioy did not at onoo trade 
with other roooe, but maintainod groat sooreoy on tho rearing of silkworms and stnotly 
prolubitod the exportation of tho eggs 

According to tradition it was only in 150 D a that silkworms arrived In Japan, where 
thoy were imported aooretly by tlie daughter of a Chinese emperor, and whenoe they 
spread lator throughout tho rest of Asia. Tliey wore apparently imported into Italy In 
tho sixth century by three monks who hid tliem In their staves, although the manufooture 
of imported silk was begun m Italy tliree oentunea oarller From that time up to tho present 
Italy lins^maiutamod the first plaoo among the oountnea of Europe for the reonng of Bilk< 
worms and tho prodiiotion of adk^ 

^ SUk IB produced by one of tlio Lepidopbera, BomJby^ tnon, a larva whioh after birth whoa 
it weighs about U G ingrm ), foods on mulberry loaves ( Mnriis (Uba) and attains tho helglit of 
Its dovelopmont [witli a \raight of 3 to 5 grms ) in five weeks, poaslim through four mo^ts or 
sloops during whioli it oasts Its skin. It Hnally possos to bnishwoocTarrangod above, whore it 



r, Isolated, srooutli Imva, after oloansmg 

(Mognidod 120-180 timos ) Fin 480 


eoDstruuts a cccoon with the silky oxudablou souretod by tvs^o long glands filled with (Ibroui and 
loading abng tho body beside tlie Intestinal oanal to two vety fine apartiiros in tlio mouth. The 
two ouutlguniiH and porallol throads thus formed ore immediately sbuok together by a liquid 
(serlolu) exuded by two other ohonnels near tlie first pair, the result boUig an apparently slnglo 
thread, which is olther white or aomo shade of yellow (tho double tiiread Is shown in Fig 485) 
In throe days the silkworm is transformed into a oliryBaUs from which tho butteifiy orl^nabos 
(in 10 to 14 (lays) if the temperature is suffioi^tly high (16° to 30 ) Tho butter fiy emits from 
its mouth an olkmlno liquid with which it molstooH one end of tho oocoon ami then perforatos 
it and issues to proceed to the coupling necessary for the preservation of the apoclea. 

Immediately aftenvards tho femalo deposits unmorous fertile eggs {yraiw), and both it 
and nJao the mue die, their short life cycle being at on end (Fig 480) One kilo at odcoons gives 
3 ounces of eggs Port of the eggs (or of the butterfiiea) ore selootM under the mloLosoope and 
are kept in a cool plaoo until tho following spring, when they are hatched by Incubating for a 
oouple of weeks in on oven, the young worms ^ng dlstribatea to tho reorhig nousea. 

by means of extreme oleailboas, disinfection of the brushwood and miorosoopie testa of the 
eggs, the numerous diseases 'raoh cause havoc among sUkworms at all stofloa {otueino, jia/ahent^ 
etc ) have been partially overcome Tlie orossuag of dSSerent varieties hoa guso provod ben e iloiol, 
and in Lombardy tho use of the Ohmeeo orosa is fairly generaL Tho silkworms from on ounce 
of eggs oonsume altogether about 12 qaintals leaves. It has been propoaed to diamfect the 
leavee wlti) lysoform, taohyol (ozone Holmori, 1908), eto , bnt without good results, 
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lu the twelftli century Bonoulture developed oonflidorably lu Sioily, aud duruig the 
Middle Ages it flounsLed in Tuscany, Emilia, VonetJa and Lombardy In the thirtcontli 


Ll order that a maximum 3 deld of good silk may be obtained, tho but tor Ay is not alloAvod 
to issue from the ooooon, since tho silk oannot subsequently be readily unwound from perforatod 
cocoons, and muoh waste Is produced , indeed, when the oocoons aro placed ui water (flea laicr)t 
tho perforated ones beoome Ailed with water and sink, thus breaking tbo thread during tlio 
unwbidlng The formatlan of the buttorAy in the ooooon is proventod by sUjhng (» t , knJiiiff) 
the ohryanlis by heatuig m on oven, where tho ooooon loses two thirds of its woiglit Sunli 
prooedure also allows of the sale of tbo cocoons at tlie season of tlio year wlien tho prices are 
most remunerative Ten or 11 kilos of frosh ooooons yield 4 kilos of diy ooeoons, and those give 
1 kilo of silk 

An ounce of eggs yields 60 to 00 kilos of ooooons, which before the war wore sold, freed from 
vuste, nt pnoos varytn||| in diAerent years from ^ to 3s (Id per kilo , os wosto ore oonsidoTod 
doubled coooons (dmiptons), sfoined or mouldy cocoons, those attacked by oalolno, and also 
incomploto, light, soft ooooons, and the Aake silk or oovor wlnoli suiroiuids tho uoooona and 
attaahes Uiem to the brushwood* 

The BuSooated ooqooub have an average womhb which vonrs, more paTtieiilarly with tho 
variety, from 0 6 to 0 8 gnn The ratio between the weight of dead ohrysal lb and silk lies between 
14 I and 10 1 and tiie length of mlk per gram Is UOO to 1600 metros , the tliread (bava) 
vaxios in tbloknees from 0 018 to 0 030 mm 

Tho COCO09LS are Arst placed, a few at a tune. In basins of almost boiling water and ore rublxxl 
mth a hand brush of twi^ to which the tangled fl laments oovering the ooooons become attooliod 
Among those Alamenta is that by which the cocoon can be complotoly unwound Tho other 
Alamenta form the floss, which is worked up witli tho otlior waste (sac (dtims) Eivo (or more) 
of tho threads arc attaobed to a redt wbioh revolves rapidly and oompJetoly unwinds tbo ooooons 
The latter float in hot water, which softens and dissmves part of the gum unltmg tiio throads, 
while the lemomdei of the gum dries agojn on tho roelod silk, joining tlie Avo threads to a slBglo 
fllament oonstitnting raw silL As one ooooon is Anished, it is replaced imracdlatoly by another 
BO as to form, a homogeneous thread. The ohrysobdos remaining form about 70 per cent, of tho 
'we^ht of the fresh ooooons and oontom 22 to 26 per cent, of oil (fend) , they ore generally defatted 
and sold ns nitrogenous fertiliser (for hemp, etc ) at 18s or 14s per qubi^ Ooooons wluob do 
not unwind regularly also pass into tlie wa^e 

Oood ooooons mve os muoh as 600 metres of good silk and the count of tho single thread 
varies from 1 6 to 4 denan according to the breed of silkwomi , tho tenacity Uos between 6 and 
12 gnns and the elastloity between 80 and 160 min ^ 

Wlute or greenish yellow cocoons give white or almost white (Chmese) silk and tho yellow 
ones golden^Uow silk. The foUowlng ir^es of silk are distiuguiahod uommoroially European, 
Japanese, Cmneee, (huiton, Bengal, iusoah (Chinese wild sUk), and Lidlou tussah, aud of oaoli of 
those thero ore vaifous qualities 

In the raw silk trade the vanations of the count are mdioated , tlius, llrst-quality silk from 
8 to 10 denari is marked ^ Arst-grada tussah of 40 to 46 denari, {fp, oto ) Tho price of tussoJi 
silk (10s to per kilo) la less than half that of fine European allk, but tho piioos vary from 
year to year 

With Asiatio silk it is always stated whether spun m Europe or on tbo spot , tlio latter gives 
much more u^te in the subs^uont operations 

!Raw silk threads are seldom mode mto textiles (tiien called raw silk) and real nlk thread 
iH obtained by joining two or more threads of raw silk and hviatlng them to form tho tram nJb 
or organtnne (warp) used In weaving 

To this ond the raw silk is first wound on bobbins, from wluob it posses through felted forks — 
to free it from down — ^to other bobbins It is then rea^ for twisting, wluob la earned out in 
different ways for iram silk and for vmrp (organsine) For the latter the best aiUffl oro used, 
these being at once twisted from right to left, the product bdng known under different names 
aoQording as the number of the twists per metre are 244 to 440, 440 to 488, oi 488 to 010 Tlio 
twisted tiireods ore then jomed in twos, threes, or fours, the combined tiiroada being twistod 
from left to right (or vice ver^a) — 380 to 460 twists per metre for taflota, 320 to 300 for satbi, 
650 to 600 for velvet, and 2200 to 3000 for (Thmeso crape Before dyeing or bleaching, the raw 
organsine us ufigiuflimed orsinppedtoT about 30 mmutesm boiling neutral soap solution to 30 
per cent, of soap coloulated on the silk) In order to remove tlie gum and to obtain a maximum 
lustre, a seoona boiling soap bath is used, and finally a third The boiled etlh weighs about 
26 pei cent leas than the ongmal organsme. When, the organsine is to be dyed a pole or delicate 
colour, it Is subjected to special treatment with sulphur or hydrogen peroxide (au VoL I , pp 207, 
278) , tussah organsme (oTowniah) is only bleached with hydrogen peroxide 

In preparing train atlJ: the raw threads ore not immediately twisted, but are first Joined m 
fives or tens (or more) and then twisted, but only with 80 to 126 twists per metre. The oleansing 
-with soap is oonied out at 36^’ and the oolounng matter is readily destroyed by Immersion for 
16 mum tea m on aqua re^ bath (2 6" to 8° B6 ) at 20“ to 26“, and thorough washing with watci 
Tho w hite tram (so-oollca aou 2 )le) has lost in these op^tjons only 6 per cent, of its weight , if 
it 18 to be dyed a ^ then, sulphured nOien a znor^lustrous tram is requu^ for 

obtaining special effeota m textile design, it is subjected to botling like the orgipisine 
I Silk Waste, mclndmg dpumona (ooeoons formed by two larvin in the some oovering , these 
oannot be unwound In the ordinary way), pierced ooooons, the waste from twisting ^ 6 per oecnfc 
in Italian and S per cent, m Asiatlo silk^, stained (mouldy) ooooons, diseased ooooons, small 
or inoomplete Gooeons (from mert worms), sOk tow, eto , oonstltntee 26 to 36 per cent, of the total 
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ooiitury iL waa startixl m Ifranoe, beuig ititirucluood by Italiau uunugraiii^ Tho Arabs 
lutroduoed it lato Spun la the year 740 

In 1443 Ploronoe ootibaiLiod 84 largo Bilk factories and lu 1080 Milan began to aoqnire 
tho oaoendanoy, but loll baok later, to odvanoe again in tlio nuddle of the nmoteouth cen- 
tury In 1804 Como hod oidy 920 looms, wliiuli Inoroaaod to 1800 in 1858, wliilo Lyons 
poaseased 10,000 looms os oaily as 1085, 40,000 in 1834, and 05,000 in 1802 (present eon 
ditiona ore indioatod later) 

Raw Bilk coDBiHta of 60 to 70 per cent of Fibroin (the fundamental cormtituont 
of puie Billc) Etfid 26 to 35 per cent of Sencm, which ib tho gum tjurrounding tlie 
tliioads and holdmg them together, and can bo easily eliminated with hot water 
and soap or, partially, with hot water alone 

Vonoiifl formulsD have been attributed to fibiom O^H^oOq^b (Schiitzen- 
berger), C 7 iHjQ 702 fiNg 4 (Bourgeois, 1876) From the clicraico-tmtonal pomt 
of view, silk has the character of an ammo-acid (or of tlie corresponding mternal 
anhydride), but its acid nature is more niaiked than that of wool The decom- 
position of fibroin by moans of hydrochloric acid gives glyoocoll, ammopropionio 
acid, tyrosmo, Z-loucme, and other amino-acids (E Fischer) 

The formula OigH^jOgNB is ascribed to Sericin, which closely resembles 
fibiom, but gives large proportions of diammo-aoids It is thought by some 
tliat the silkworm contains only fibrom, and that at tho moment when the 
thread is produced this is transformed superficially mto seriom imder tho 
influence of an* and moistuie The yellow colour of certain raw silk is due 
to a natiual coloumig-matter, Carotin (Dubois’ hydiocaibon) 

Under the mioioHcopo law silk has tho appearance of slightly flattened, 
oylmdrioal, transparent tlneada, not voiy smooth on the surface, and composed 
of two have joined by the sericm (which can be distmguished from the inner 
part or fibroin) and tliiulv covered with an adhesive soluble m liot water and 
different fioni sericm, which dissolves only in hot soap solution 

In many oasos the Dyeing uf Bilk, GHpeuially n^ith monlaiili dyoabuffH, ib almilar to tliat 
of wool Uiidor nJl oiromnatonooa, however, tlie Bilk should bo thorouglily ohjonod before 
dyeing, and os in spinnlug and weaving tho silk in troatod with dreaalng (soap eniulsioii, 
vasolluo oil emulsion, nolulilo abarob, eto ) to fauilitato tho operations and somebliaes also 
to moreaao tlio wolglit, botli yams and fabrioa (even if white) arc subjont^d to rapid oloansbig 
with hot soap solution (80° to 85°) containing a little Bodniiu oorbonato, and are then, well 
rinsed in tepid water ^ If tho wares oro to remain wlilto, they are aulplmred (sse Note) or 
treated with liydrogoii peroxide flolutioii, tho ehoraot-oristlo rnatle (arronp or croMs) of silk 
being Impartotl by immersion in a 1 to 2 per cent, sulplinrio or aootio ooid liath, ooutrifn 
gation and drying without rluslug 

Dyeing is m general earned out in snap hatlis, using one-tlilid or ono fourfcli of tho 
snap solution roiuaimng aftoi tho Imilbig of tho raw silk, acidifying ItVitli aiilplmrio ooid 

orop of GooooQfi and often goes midor tlio name of floss (sold hofnre the at 4/* to (W per kilo , 
r^flofw oust (ifl to 7/1 poi kilo) It is woikod very Hlnillarly to ootton and to woollen mgs by 
moans of Bpooial oartlbig and oombing maohiiios, giving llrat a kind of wadding and tliou rib bona 
and throoefc with pandlol libros 'rliGso ouii be onuvortod bito yam nailed o/wpjie, whioli ib 
oonsumod in largo auautitios oh it ousts loss tlian ono Imlf os muoh as pure Hilk and for some 
fabrlos (velvets) Ib a good Bubflbltute for ordinary silk. The wnsto from the pordiug ami oombing 
of ohappe Ib also spun, giving iwmreto In Ittily a large oompany with bo von works onJoyH a 
kind of monopoly m this tradlo , tliey work up foreign waste and part of tho native waste, the 
Italian Government Imposing a Bmall export dnty wuioh oots clotnmoutally ngainat tlio apmnor 
and forms a protectfive duty on foreign waste yam 

^ It IB generally neoeasary to osoortain, before dyomg. what will be die loss in weight of tlio 
Bilk during ungumraing or stripping White Italian Bilk losea on an average 21 6 pei cent, , 
Japaneso, 20 per cent , Canton and Cliinese, 24 per eent , raw yellow Italian, 24 iior cent. , 
and ohappo, 4 per cent. Tlio loflfl, wliloh luolndea alflo any weighting of tho yam with vosolbie, 
Boap, oils, glyoerlne, oto , is determined os follo\VB 60 grma of tho aiUc la manipulated in a Bohition 
^ 16 gnna of aeoBon^ MoTBellleB aoap of good quality in a litro of hot water, whioh is allowed to 
boll gently for half on hour, and is then removed, preasod or oentrlfugod, boiled for a further 
peruSl ofw mlnutM in a Boap bath similar to the Jirst, and washed thoroughly wltli water until 
the latter remainB oleor , oftm being oentrifufl^ tho eilk Is dried m an oven until of constant 
weight, ^e losfi of weight on stripping is referred to 100 mrms of dry silk, so that oUowaiLOo 
should be made for the normal humaity (11 per cent) of silk, 
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boiling and agitating The silk is immeraed in this emulaion for a thuo and then removed, 
the bath bomg diluted with water and the colouring matter (aoid or basio) , the dyeing 
la begun at 85° to 40°, the temperaturo bemg gradually raiaed aJmoat to tlio boihiig-point. 
Add colouring matters are fixed by silk also from a hot aoidifiod aqueous solution, but the 
tints axe not so lasting 

The dyed silk is rinsed in water and transferred to the add bath to obtain the cracUe 
which beoomes more pronounced as the aoidity and temperature of the bath are raised, but 
the acid remaining in the dry fibre slowly attacks it, with mjury to its tenacity and elostidty 

Nowadays silk is usually nmghUd, » a, iTupregnated with ymioua suhstanoos (orgaiiio 
and inoiganio), m order to increase its weight (by 3Q to 40 per cent and soinotlmes, with 
blade silk, oven by 300 per cent or more) Silk possesses, mdeed, the property of absorbing 
from solution large quantities of taimm , this con bo fixed by means of salts, and fresh 
tannin oan then be absorbed, and so om Successive amounts of insoluble motoUio salts 
(tin salts, phosphates, silicates, etc ) may also be predptated on silk To weight white 
silk, the boiled silk is soaked for an hour m a stonnio ohlondo bath of 25° to 80° BA (at 
one tune pink salt, SnCl4,2N!E4Cl (su VoL I , p 781) was loigdy used, but at the jiresont 
time, orystallJsed tin salt, SnCl4,5HBO, is mostly employed), mompilatod for 30 to 40 
minutes in a hot disodmm phoepliate bath (4° to 5° BA) washed slightly with water, intro- 
duced into a sodium slhoate bath (3° to 4° Bd ) and again washed. Treatment with 
this senes of baths (stanmo ohlonde, phosphate, and sfiioato) is repeated several times, 
aooordlng to the degree of woighbng desired , five suoh repetitions give a weighting of 100 
to 120 per cent, (the weight being doubled) ^ Weighted silk can he dyed, and in the pro- 

^ The phenomenon of wetghixng is explained, aooordmg to Slaley (1011), by regard big silk 
as a cdQ/oid [stt Yol I , p 100), which absorbs hy^gds |e.{7 , stannlo) of vaiiona salts of polybodo 
adds, bat many Bubatances which dye precipitates and msoluhle salts do not serve for weighting, 
ainoe they are not firmly retamed W the silk fibre — and oxe therefore eliminated during washing 
and dyeing'— and are not dyed. Ine weij^tiugs which have given the host results in praotloo 
aro (1) tin hydroxide (used os early as 1860 m a Lyons dyewarka) , (2) tin phosphate , (S) tm 
sUicophomlmte , (4) tin and aluminium sihoophospuates Slsloy (1800) showed, and EillnokBl 
and fiWT (1807) and Sevenni (IQOO) oonfirmed, tlmt weighting is due purely to a physical and 
not to a chemical phenomenon, since the wei^tmg bath undergoes no ohemiool change and no 
alteration in ooncentratiozL further, when auk so^ed m stannic ohlorldo is washed with water, 
the preoipitated stanmo hydroxide which is formed m abundance os a result of hydrolysla is not 
fixed by the silk and ia derived from the ahloride on the surface of tho thread, that absorbed 
inaido the fibre remaining as a kind of colloidal solution of stamuo hydroxide in hydrochlono 
aoid , tho ^oid difiuBes into the fibre, which retoms it, whilst the atonnie hydroxide is fixed os 
a gel and does not infiuence the feel and lustre of tho silk The ahsoiption of stonnio ohlorldo 
is avoided if the silk is previously treated with tannin In 12 hours silk whioh lias ahaorbod 
11 per cent of tannin fixes from a stannic chloride bath of 30° , only 1 25 par cent of SnO|, 

while silk without tannin fixes about 12 per cent of BnOi from the same bath , those difietrcnt 
silks alao take un vETying quantities of cdtouiing matters When washed, tho stonnio hydroxide 
formed on the nbro is &i(OH)4 or Sn04,2H|0, retoming small amounts of HQ , tho woshetl 
ailk IB therefore mtroduoed into a bath of sodium oarbonato, which forma a labllo oompoiuid 
of NogCOp and SnOgiZHgO, this bemg decomposed by aoid with formation of a tin hydroxide 
insoluble m acid ana in subsequent stannlo ohloHde baths. 

Boilmg or treatment with a soap bath of washed silk oontoimng BnO|,2Hj|0 results m tho 
separation, m a firmly fixed condition, of the hvdrate Sn^OtiHgO, i a, 6n40(0H)a, wliloh has, 
however, but little affinity for phosphates and sillcatea (QianoU, 1007) Weighting with stonnin 
ohlorlde gives a regnlsx increase of 10 to 12 per cent, in the wel^t for each Beporato operation 
on the some silk In we^tuijg with tin phoaphate (after the ohlorlde bath, the silk is passed 
into a hot disodlom phosphate bath and then washed thoroughly with wator, the operation being 
repeated if neoeBsar^, the first operation gives on morease of about 20 per cent,, but Bubsequont 
opera tions produce larger increases , the third may plve as muoh as 36 per cent Silk ^ono 
has no affini^ for salts of polybosio acids (phosphono, tungstio, eto ), but if it is first passed 
into a tin salt bath it fixes them, for example, as 6n0g,NagW04 or BnOg,Na,HF04 (so^um 
phoephoatonnate, inBolnlfie m watm but soluble m oonoentratod sodium pnospnato solution) , 
only phosphates aontaaning hydroxyl grouns are fixed by tin, so that trisodium phosphate and 
sodium pyrophosphate are not Axed If ue sodium carbonate bath follows the ohlondo bath, 
less sodium phos^ate is sabseqnently fixed. Treatment of the silk In tho ooid balk results in 
the removal of the whole or a good part of the sodium When the silk has been treated in the 
first sodium phosphosLannate bath, it is washed n-tiil Introduoed a second tune into the stannlo 
ohlonde bath, the double decomposition thus produced resulting in the formation of insoluble 
phosphate of tin, which ia fixed on the fibre, and of sodium ohlonde, which nosses into the bath 
while at the some time the silk beoomes impre^iated anew with I^Cl4| — thm fi-rln g tin hydroxide 
on the fibre when the latter is washed. Tms tm hydroxide gives fre^ sodium phosphostannate 
when mtrodnoed into a second dlsodimn phosp^te bath, while the bath, whi^ beoomes 
impoverished m soda, oontimiaJly increases m aoidity and the weighting of the silk mcreases 
during sucoessive operations 

Bifil highor weighting is obtained if the sodium phosphostozm^te silk is intrpdnped into ppe 
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parafaon of blaok silk, tho woightmg may bo inorooaod oonsldoirably by pDflaing tho weiglited 
wlute Bilk (waaJiod with a little soda) into a oold bath of forrugme (a slightly ooid solution 
of bofllo femo Bulpliate prepared by heating a aolation of forroua aidphato with sulphurio 
and nitno aoldfl), alightly woBhing the sdk thus coated with oxide of iron and immersing 
it in a bath of potoMium forrocyomdo (acidified with HCJl) which colours it blua It ib 
then placed in an almost boiling tonnm bath (e^g , chestnut oxti’aot), next in a tm bath to 
fix tho tannin, and finally m a hot bath of logwood extract to obtom an intonao Wach finf , 
tho dyed silk is riiiBod in aoap solutiou or an aoidiflod oily omulaion, livened in a sulphuric 
aoid bath, oentnfuged and dried. By repeating the tajinin and motolho baths ten or 
fifteen times, weighting of 300 to 400 per cent, may bo obtained. Block silk weighted 
to the extent of 400 per cent and portly 
attacked shows under tlio mioroaoopo a heavy 
incrustation round the fibre (Eig 487) , much 
of Ita strength has been destroyed, and under 
tlie action of sunlight it undergoes lapld 
corrosion (umbrellas of heavily weighted blaok 
Bilk spht even without using) 0 Melstcr at 
Zurioh (1002) and Independently Q Gionoli 
at Milan (1004, Ger Pat. 103,022) found that 
this InoonvQulenoe con be largely avoided 
by means of a thiooyanate bath. In 1006 the Someth della staglonatura della seta di Mila u o 
( os a result of InvestigatioDB of jSlsley at Lyons and of Glanoli and Colombo) filed a patent 
m Amenoa for tho preservation of weighted silk by introducing it in a bath of thiourea 
famtly acidified with cltrio oold , U S Fat. 878,002, was granted m Februoiy, 1008, and 
appears to give excellent results lu praotice ^ 0 Meister (1010) suggests the use of formalde 



or Hovoral more or Jobs oonoentratod and more or less hot Bodium sllioate batlis By this means 
pirt of the phosphate residue united to the thi oxide is replaced by dlloa, tho compound 
ySiO^NagOfOnOi, bomg formed, the siliaate bath becomes aold and contains tnsodlum 
phosphate In tiio acid babli, t^ silk readily loses sodium, hdng formed of insoluble tin 
tilaillcate This weighting was patented by Neuhaus in 1603, but li^ been provioudy used In 
Prance. 

Tho highest weighting of silk Is obtained by followi^ repeated phosphate batlis with a bath 
of an alum salt, os was proposed by Fuller (Crofeld) (^ Fat 2C4,G50 of 1000) In this way 
the olumimum is fixed os phospbato and a little so^um passes into solution. After washing 
this Bilk IS passed into a sodium sllioate bath and has the property of fixing much more sihca 
than in the ease described by Nouhaus , further, tho sdk loses proetloolly nothing In the ooid 
bath, Binoe the sodium of tho tin sULoophosphate boa boon replaced by aluminium Nicoile and 
Sisley (1911) found that vanons other salts may bo used In x^ooo of those of aluminium, bub 
that only those of zlno gave good results in prootloo. 

This general tlioory of Sidey on the phenomenon of wolghtmg of silk is not umvorsally 
aoooptod P Heormann (lOO4r~1011) holds that while the silk Is immersed in tho stannic chloride 
bath the latter diminishes in oonoentration, and part of the tin remains fixed oven whoa tec fdlk 
is washed with water , he also rogards the formula) of tho salts fixed on tho silk as dUTorent from 
tliose ^von by Sisloy 

^ Li ddemvining wenghUng of silk 2 grms is boiled for two hours In a soap bath (30 grms 
soap per litre) and then for at least an hour (to expel tho ammonia) In a sodium carbonate bath 
at I 0° B4 , tho water evaporated being gradually replaced. Ib Is then rinsed well with wab^ 
and dried and tho nitrogen in 0 0 to 0 8 grm. dobormlnod (as was suggested by St. dairo Deville 
in 1878) bvKjeldohl’s method (fee p 11) , from this the quantity of true fibroin con bo detornnuod, 
knowing that 6 406 mrts of fibroin correspond with 1 port of ultiogea. With blaok silk containing 
oyanldo (Prussian blue), tho latter must be previously olimlnatod In order tliat the fibroin may 
be aoted on as little os possible, F Sisley (1007) soparates It os follows : 2 grms of tho fabric 
is boiled for 10 minutes lu 26 per oont. ooetlo aold, washed, heated for 10 mmutes at 60° in a 
3 per cent, sodium phosphate (Na,P 04 , 12 HB 0 ) solution, washed ogam, and boiled for 20 mmutes 
in a bath oontainlng 3 per cent, m soap and 0 2 per cent, of soda , this procedure is repeated 
the tissue being washed and dried and its nitrogen content determined The percentage 
wedghting p ^the inorease in wd^t of the original £lk) Is given by ^ = 100(gr where g 

Udlcates the weight of the dyed silk while o represents that of the raw silk (» c., fibrom + soriom + 
11 per cent, moisture) or fibroin + normal loss on stripping (21 5 or 24 per cent , precoding 
Note) A Bilk is sola to be weighted 60 per cent, wh^ 1000 gnus, of raw silk |^ve 1500 grms 
of (^ed silk. 

Burlng recent years, another simple method has been used for determining the ordinary 
tin Bllioo^o^)hate weighting 2 gnus, of weighted silk of known moisture content {^g , 10 per 
oent.) IB treated for an hour m a platinum dish with 100 o o of a oold aqueous 2 ^ cent, 
hydrofluoric acid solution , the latter is poured away and another 100 o o. of the aold added and 

in oontoot with the silk for an hour The silk Is washed seven times with snooessiva amounte 
of 100 0 0 of water, pressed, and dried at 100° to 106° until of constant wdght. If the latter 
\b 0 96f tiieq 2 iqQist sfik » lr8 gpo, dry silk, and M ~0Q6nQ86 (wetgbt^). 
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hyde bisulpUito (1 to 5 por oeut. bath) to oheok this oorroaiou, wliiiu Borg atid Janlioff 
(1011) prefea? tho use of hydoxylaraine The use of a diastofor bath (see p 140) after dyeing 
has also boeu proposecL Silk weighted with ZnOl^ is proaei vo 1 in a thiosulpliato bath 
(Horzig, 1008) 

STATISTICS The world’s production of raw sUk (excluding tho local consumption of 
the For East, this being valued at about 65,000 quintals for China and 47,000 for Japan, 
in 1006, and about one-third more in 1007) is shown in quintals by tho following Table 
(the pre-war value of raw Italian silk may be taken as 32« to S6s pur kilo) 


XoGOllty 



Avorogo for tlio yimra 






1()00 

itiuo 

H)l‘l 

Italy 

33,110 



47,450 



Franco 

6,920 



6,060 
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720 



560 
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Austria Hungary 

2,060 





2,000 

Anatolia (Brusa) 

1,860 


5,180 




Syria and Cypnis 

3,030 

4,660 

4,870 

4,700 

15,700 

11,300 

Solomca, Adnanoplo 

1,340 



2,570 



Balkan States 
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msSsi 


3,150 

1,250 

Greece and Crete 

21 

4L0 

040 


700 

2.100 

C^uoafia 

— 



BimSI 

5,400 

8,850 

Turkestan 



4,680 



2,250 

China, exported from 
Shanghai 




42,020 


58,000 

China, exported fitmi Can- 
ton 

1,277 



10,620 

> 1C7,200 

27,800 

Japan, exported fipm 
Yokohama^ ^ 






118, COO 

India, exported from. Cal- 
cutta and Bombay 

4,360 



325 


1,000 

World’s totals, quintals 



100,020 

200,130 

242,UI)() 

270,000 


In Oluna the exportation of real silk tends to dimlniah, but tliat of mid silL (or itisacdh) 
increases , tlus is produced by Anterea mylitta and is readily recognised under tlie micro 
scope (Fig 488) China exported 1,260,000 kilos m 1000 , 1,825,000 in 1008, and 2,000,000 
inlG04 

To the quantity of raw alUr produced in Italy from homo grown cocoons must bo added 
that obtained from cocoons imported from abroad, viz , 3000 quintals in 1803 , 7320 in 
1808 , 11,000 in 1003, and 13,000 in 1006 The mean annual Importation from 1001 to 
1005 of cocoons (o&loulated dry) was 37,736 quintals (40,000 in 1006) with a moan yield of 


Kence, If the raw allk 1b oaloulateil to loae 24 per cent ou Btnppm^, tiio wolglitiiig will bo 
0 06 0 66 = 76 a; (70 IS tho poroento^ of allk remaining after Btnppmg) and a = 68 , heiioo 
the dyed dry silk contains 70 parts of dry stripped silk (or 100 of raw slll^ and 68 of weighting, 
total 144 The silk was henoo weights 44 per oont Glanoli and Colombo (1007) showed, 
however, that m some oases when metastannio aold Is formed on tlie llbre, , by tho Hxation 
of tin salts with sodiam carbonate, the whole of the weighting Is not eliminate by hydrofluorlo 
aoid, even when this is foUowod by a bath of HCL A more Certain result is ihon obtained by 
the old method above) or by using first soda and then potaffiium hydrogen oxalate. 
P Hoormann (1900) proposes to modify the alternate treatment with hydrooldono amd and 
oaustlo potash (Bistenpa^, 1008) of blook on tin salt and oateohu, by repiaotng the oaustlo 
potash with a solution of normal oaustio potash and oonoentrated glyoerlne (28° B6 ) In equal 
parts, the latter preserving tho silk, readily dissolving Prussian bluo /by treatment for on hour 
In the cold or 10 minutes at 80°), but leavmg the oxtoe and tannate oi iron unchanged 

^ In Japan a second crop of cocoons (bivoltme) is gathered in summer, and a thira (trivoltlne) 
m autumn About 60 per cent of the total crop is ohtamed in the sp^g, 12 per cent in tiie 
summer, and 28 per oent m the autumn 

Japan also piwuoes a considerable amount of green wild silk — of Bombyx yofnamat, which 
feeds on oheatnnt and oak leaves (the wild silkworm of India eats castor oil leaves) 



















SILK STATISTICS 819 

1 kilo of Bilk por 4 kilos of dry ooooonB (at to Os BtZ por Idlo) or por 115 kilos of froah 
ooooons. 

To tho 60,000 quuitala of iw silk yojn produced m Italy mii*5t bo added 24,000 quintals 
of Bilk simply treated and imported from the Far East to be spun and twisted, but only 
about 10,000 quintals are woven lu Italy, the rest being eiqiortod (50,000 quintals, besides 
30,000 of twisted) 

The Italian weaving industry is capable of ooiisidorablo oxtciision, its produce being 
valued at only £3,200,000, wlillo Switzerland^ (with 36,000 looms) produces silk fabnea to 
the vnJue of £5,000,000, France® (ivith 140,000 looms) £10,000,000, 

England about £13,000,000 (importing £8,800,000) i^th 87,000 looms, 
and about tho same for Germany If Italy woi-e to weave tho £8,000,000 
worth of yam wliioh it exports, tho value would bo iiioroosed to 
£10,000,000 (a kilo of fabric costs about double os niuoli as a kilo of 
yam) while ^,000 more workpeople would bo employed 

The Italian silk uiduatry lias passed through vonous arises, not on 
aoooimt of excessive produotion — since working on atook is not usual 
with Bilk articles and tbo demand is often greater tlian the supply — but 
owing to various oiroumstanoes, not the least among which ore the 
tonilB lolBod against Italy as retaliation for the protootlon of many 
Italian industries by the tariff of July, 1887 Tho most acute onsoa of 
tho Italian silk industry were those of 1808 and 1003, which were the 
cause of numerous fuancoal disasters, and that of 1007-1008, tho efToots Fio 488 
of which are still folt, and whioh resulted from tlio groat Ameiioan 
crisis and is now being aggravated by French and Japanese oomputitloiL Tiie quin- 
quennial average pnoe of raw Italian silk fell gradiudly from 02 per kilo in 1876-1880 
to 38 Itf in 1001-1006, mainly owing to mcreoso m tho world’s produotion (flea Table, 
2) 818) In 1006 and 1007 a rise lu pnoe of raw silk ouoiirrod , thus, that of organalno 
sublime (oount JJJ) was 4.0a por kilo at the end of 1005, Oiiid rose to 40a Od towards the end 
of 1000 and to 60a 0^ lu August, 1007, after whioh a fall took plaeo owing to the Amenoan 
orlais. 

8%Uc tuneivAjg in Italy in 1010 employed 800,000 spindloa (four fiftlis in Loinboidy and 
the remainder in Piedmont), which produced 4,600,000 kilos of oTgansnio and tram, about 
une-half from imported raw silk. 

1 Switzerland has two voiy important centres at Zunoh and Basle, where tho output of silk 

f oods is Gontmua^ Inureosing, although tho produotion of cocoons w gradually dlmlnisliiog 
n the canton of iloino, whore fJio silkworm is roared, the cooooiib produced have diminished 
from 187,600 kilos in 1872 to 68,0(X) m 1004, whilo there luw been a oon.'OBpanding iooroose 
the importation of raw silk from Oliina, Japan, and Italy Tho liu])orlatlon rose from 014,400 
kilos hi 1893 to 037,000 (worth £000,000) In 1002, hut about cue third of tlus, after being tunstod 
In tho Swiss foetorlos, is exixjrbod to Gorniaiiy, Uusma, and Italy lu tho oanton of Zii^h alone 
m 1000 there wore at work about 21,000 hand looms and 13,330 power-looms for silk and mixed 
silk fabrics 

Tho Swiss exports of iiiiro silk tissues in 1803 wore 960,700 kilos (£2,500,106), those of mixed 
tlasuea being valued at £580,000 In 1903 the expuiifl of silk fabrics wore 1,760,300 klloa, worth 
£8,780,000, while tlio total imports lu tlie same year wore 140,000 kilos (£380,800) of silk fabrios 
and also nuxod fabrios to tho vnliio of £112,000 One half of tho exports goes to Englaud Tho 
silk ribbon and embroidory nidiistry of Switzoiland is stoaddy advanobig 

Germany is a largo inipnrtor of raw silk (about 3,006,000 Joins, largely lUdlan), and, boshlefl 
supplying homo deiniuida, exports oonaidorablo qiiantltloa of maniifootniiHl goods (artC Table Idler) 
llussuk oonaumofl about 1,506,006 kilos of raw silk annually 

® None the loss interesting is the ooiidltiou of ndTairs lu Franoo, (vltlinugU tho iiroduetlon 
of fresh ooooous Is only 8,000,000 kilos (1Q05) Tho Impoi ta of raw silk ore oaluulatod to bo about 
0,000,000 kilos, and tho dlk industry (almost entirely oonooiitratod in tho city of Lyons) ocoujilea 
one of the foremost posidons among Froneh industries The provluoo of Lyons contains more 
than 26,000 powor looms for silk weaving, m addition to a largoi number of hand looms In 
order to reduce tlie Importation of raw silk and Inoroase that ul cocoons, and ho onoourogo tlio 
dlroot spinning of the latter, the French Government in 1892 oiferod a prom him of £16 for every 
new four threodod basin established, but the results did not oome up to oxpootationfi 

While in 1803 the produotion of silk goods was valuod at £15,150,000, In 1902 It roaohed 
£17,800,000 Tho French exportation of silk waros of all kinds amoimtod lu 1806 to 4,220,000 
kiki, worth about £10,000,000, whilo in 1004 It rose to 6,700,000 klloa, of tho value of £18,200,000 
(inoluding about £1,200,000 worih doopatohed by pordel post) 

The vtduB of the produots woven lu Lyons in 1004 was £16,360,000, In 1005 £16,040,000, and 
in 1006 £17,040,000 In the department of Saint-Etlomie the output of silk nbbon in 1006 was 
valued at 700,000, one-third of it for export 

The Frenoh home oonaumption of silk wares is about 4,000,000 kilos, this large amount 
helping oonsiderably to maintain the sUk industry in an active condition. 
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The ailh-wasU wbioh was produced in Italy In 1010 (and woa exported to the extent 
of two-fifths while the remaander was worked up m Italy) amounted altogether to 5,300,000 
kilos of the value of £500,000 

Silk, corded and combed in Italy, amounts to about 1,500,000 kilos and the oliappe 
yam to almost 000,000 kilos, of which 200,000 kilos ore oonsumed in Italy and the rest 
exported. Six thousand workpeople are employed in the treatment of woste, the ten 
establishments In this trade oontaming about 80,000 spindles in 1012 

During the post twenty five years the silk weaving industry has become of considerable 
importance m the United States, where raw silk is almost free from customs duty, while 
the manufactured products (yam and fabric) ore very heavily taxed. Those conditions 
have led to the rapid development of American Bpionuig and weaving ^ Tlie importation 
of raw Bilk into the United States shows oontmuoua and rapid Inoroase, the annual averages 
beang 1881-1885, 16,300 quintals , 1880-1800, 23,100, 1891-1805.31,300, 1806-1000, 
43,500 , 1001-1005, 65,300 quintals, which is about one third of the world's produotion 
(excluding the local consumption of the Far East) 

The oountrLes with large outputs of ooooons are not always largo oonsumors of silk 
wares, while in general large oonsumecs are not produeers Italy has a total internal eon 
sumption of 6500 to 7500 qmntals of silk articles, and the i elation between home consump- 
tion and exportation for the principal countries in 1800 was os foUows i 
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As regards the quantity of raw silk passing through their conditioning oababliahmonts, 
the two pnuoipal silk markets m the world are Lyons and Milan, whloli together roooivo 
about two thirds of all the silk conditioned in Europe, the separate amounts being as 
follow 



Miliui 

Lyons 

1881 

36,652 

53,480 

1890 

43,477 

44,072 

1000 

72.335 

60,418 

1003 

83,726 

66,508 

1006 

04,391 

70,102 

1900 

101,484 

71,710 

1008 

06,203 

73,728 


In 1008 13,186 quintals amved at Lyons from Europe, 7501 from tlie liovont, and 
60,000 from the For East , and at Milan, 67,187 qiuntola from Europe, 1477 from the 
Levant, and 36,630 from the Far East During recent years Milan has lost ground compared 
with Lyona 

SEA SILK (^^azia) is found in tufts protruding from the shoUs of a mollusc (PvfhUUR 

^ The pinteotive duty on manofoc bared wares was 60 per oent. od valormn m 1883, while It 
rose to 75 per cent in 1807, and later to 90 per oent Li 1882 there wore ouly 8000 power looms 
(inoluding 2500 for ribbon) and 3100 hand looms for silk in the Umted States, while In lOOl the 
number of power-looms waa 62,000 (7000 for nbbon) and that of hand looms was reduced to 800 
In the same period the niunber of spuidles for twisting and spinniag inoreasod from 450,000 to 
1,000,000 The output of silk gloves was 2000 dozens m 1887 and more than 180,000 dozens 
(£200,000) in 1001 The produotion of silk ortiolea moreosed sixt^old during tlie latter half of 
the nineteenth oontory 

The output in Aiuerlaa is, however, not equal to the oonsumption, tho proportion between 
thom being 07 3 per oent for sUk fabnos, 85 per oent. for ribbons, and 63 per oent. for velvet. 
In 1001 tho Umted States imported silk wares to the value of £5,700,000, later diminished to 
£3,200,000 — 43 per oent fromFranoe, 18 per cent, from Japan, 17 per oent from Uermany, and 
16 per oent from Switzerland The Ameynoan. Government havo aovoral times, by onerlng 
prizes, attempted to initiate the oultivatlon of mulbeinea ahH the rearing of slUcwomis, but with 
poor snooess, probably beoause skilled agriaultnral labour is looking and is not easy to form 
lapidly, and olae beoause labour is expensive. 

The attempts which have been made m the Argentiiie have been somewhat more successful 
bat not oltorother satisfactory To the 800,000 mulberry trees planted during the course of 
20 years, 4,000,000 have been added during the past four years, and m 1907 the crop of ooooona 
was 250 qulntojei ^ 
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ndb\l\8\ 30 to 40 om long and 15 to 20 qul brotkl, attoohed to the rooka of tho Ked Sea 
and tho Medltewunoon (Sioily, Sardinia, Elba) It has a pole golden, more or less brownish 
colour, and sometunos shows greenish rofleotiort After being woslicd with soap and water 
and dned m tho shodo, it is combed and spun like other textile fibres Although sometimes 
regarded as an abundaut product, It Is m roohty rare, at least in Italy, and figuros rather 
in museums than on tho market 

ARTIFICIAL SILK is the inaccurate name given to the product whicli has been for 
some tune on the market m competition with natural siJk, Tliore is, indeed, no chemical 
i*Glation between the two products In place of the fibroin and soriom produced by Bonibyx 
mon^ tho new silvery thread contains merely cqUuIobo, as is the case with so many other 
vegetable products It Ima, however, the lustrous appofuanoo of natural silk and only by 
reason of tins property does it oompete with the latter 

Tho struggle between the nntural and the artificial product has Boarooly begun and it 
is not easy to foretell within what tune and what lunite tlio one oi tlio other will 1 e viotonoua 
Wo arc certainly on tho eve of ncithor a senous convulsion In tho agnoultural mdnstiy 
nor the disappearance of the mulbony and mlkworm, but it may be afflimed that ortifloid 
silk has established a position in the making of certain fabnoa formerly obtained solely 
from tho natural product 

The new artificial fibre has still, however, many defects which limit its use, /or ih& present^ 
to dofliuto branches of the textile industry, and time Is thus given to the producers of 
natural silk to repair tlie grave error, oommitted In tho past, of spoilliig thoir valuable 
prodnot by excessive weighting, and so injunug its sale. 

Tho first boneficial efieot of the appearance of artificial silk should hence be to bring 
the Bilk mduBtry to the soimd basis on which it was built, and which would enable lb to 
withstand any artificial competitor for many years to come. 

The prlmo material for tho preparation of ortihoial BUk is ooUuloao, that remarkable sub- 
stance whioh has so slmplo a composition— carbon, hydrogen, and oxygen — but so complex 
and highly polymerised a moleoulo (^es p 608), and already yields so many most impor- 
tant industnnl prodnots — ^from meroorised cotton to celluloid and pegamoid, from gun- 
cotton to collodion, from explosive, smokeless gelatines to alcohol, and finally to artificial 
ailki® 

The struggle between the vanous types of artificial silk which have been placed on the 
market has resulted in victory for viacoae sUh, this, owing especially to its low cost, having 
praotioaUy displaced all others. 

Of the hundreds of patented processes for prcsparuig artlfiaial silk from oellulose, most 
are of no practical impoitanoe and but fow reqmre mention ^ 

^ Aridfioial silk, although of Tooont pioparatiou, has already on iutorffitdug hlstoiy As early 
as 1731 Reaumur lorosaw we possibility of X}ropariug lustrona fibres, aimllar to silk, mom gummy 
or adhesive Bubsbancoa, and hi 1886 Audomora (of LauBaimo) attempted but with imporfoob 
BU0006B to put Ri&aumni’B idea Into prooUee 

l^peotation of bucccbb m the Boluticni of thlB important problem oroao only later when It 
was found poeslble to prepare Blonder ooUodion fibres for tho manufacture of tho carbon illamontB 
of moandoBoonoe elootrlo lamps In 1886 Count Hlhure de Chardonnot d Bosangon, thou a 
student at the Pons Polytochnlo, filed a patent for tlie mannfaeturo of ortifieiol ^Ikby spinning 
collodion BolntionB, and at the Paris Eiuilbltlon of 1880 he showed Ids first mocluiio working 
Swan, in London, had previoualy obtamod fibres of artificial silk, but these were ivlthout practical 
Industrial roauKs 

* When cellulose is in tlie form of wood for fuel, 1 ou metre oust (pro-war) about 6 b , the 
same cubic metro of wood, when boiled with Ihne, soda, and sulphite ^ves a paper pulp worth 
about 32 b and yielding paper valued at COb., or more. If this pulp is transformed into artlfiolal 
silk, Its value may be os nigh os L80 to £240, according to the omolea jireporod (artlfioial hair 
and silk, celluloso acetate) 

* (1) Ntlrocelluloae Bdk, obtained by tho denitration of ooUodion cotton previonsly dissolved 
in a mixture of alcohol and other and then reduced to very fine fibres by means of spoouil spinning 
maoMnery (de Chordonnet, Lohner, Vlviors) 

In 1801 do Chordonnet formed a company at Bosangon with a capital of £240,000, for the 
manufacture of this now product on. a large scale, but for some yeaie de Chordonnet silk could 
not be used, as It was composed of nitrocellulose, and hence highly dangerous to the wearer and 
to warehouses m which it was stored, owing to Its Inflammability Attempts to render the sUk 
hftwnlftfla by the addition of various substanoes proved futile, ana the problem was solved subse 
quently to 1893 by the ellminatlan of the nitro-grouM combined with tho celhilose by treatment 
ifHth alkali hydroBulj^des and the reffoneratlon of the cellulose without alteration of Its lustre , 
its strength, esuooially when wet, is, however, diminished by one-thirdL When treated In this 
way It bums almost Jlko other cotton. After denitration, hydrated oxycellulose romaiuB. 

To obtain Chordonnet silk, collodion cotton is pr^aied in the way dworibed m tho seotlon 
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VISCOSE SILK In 1802 (Eng Paft 8700, Qer Pat 70 ,009, of Jon 13, 18W) E J 
Bovan, C E Crass and 0 Beadle, by treating ordinary paper celiuloso with oaustio soda 

on Explosives (pp 280, 204), and after elimination of the auid by thorough woBbiug, the oottou 
is proBsed hydranlloally or oentrlfiiged to reduce the moisture oonteut to 26 to 30 per cent In 
tins oondltioa it is dissolved in 6 to 10 tunes its weight of n mixture of 3 ports of ether and 2 of 
alcohol, with which it is ahaken for a eouple of hours in revolving iron d^ms , do ChArdoimot 
first preporod solutions of eollodlou witli dried nitrooeUuiose, but found later (Got Fat. 10,932, 
1010) that moist nitrooelluloae also dissolves in aloohol and etiier, avoiding the danger of drying 
and also nvmg a more homogeneous hbi'e If a little minoral aeid is added to the ooliudioii 
solution (Lehner) the mass heoomos muoh more fluid and requires loss pressure for spinning 
[aoeording to Eng Pat. 10,032 of 1010, ooetylone tetraohlorlde [soc p 122) is on excellent solvent 
foi nitrooellulosej The deuse collodion solution is passed under a pressure of 40 atmos through 
a cotton wool filter, then left for a couple of days for the oir hubbies to escape, and finally forced 
first through cotton wool and then through capillary ginss tubes having a boro of 0 2 to 0 08 mm , 
under a prossaio of GO to 60 atmos 

The mender threads issumg from the capillary tubes under pressuro and in a oiusod in maoliine, 
tlirough which a current of air xiosses to carry ofi the alcohol and ether yapour (rocovorod os 
described in Note, p 231), ore united In a number vanoug from U to 20, and under a water Jut 
are wound on glass spools m a ooagnlated oondltion, but stUl semowhat odheaiyo owing to the 
moisture left m the ^trooellulose After a short time on these spools the fibre solidifies oom 
pletely and con be manipulated ^vitliont danger of the filaments odlieniig It is thou oomhined, 
and reeled in tlie same way os siik 

DonitLation is efieoted by treating the moist skeins with hydrosulphidM of caloium (0 4 to 
0 5 per cent solution) or mognesiuin, or, better, with dlluto soolum Bulphide solution for tlu.’eo 



Eto 480 — (Pauly) d, sign of urossed Era 400 — (Chaidoiiiiot) a, olr 

fibres , 8l^ BtrJatlon, b, air bubbles , g, bubbles , B, soctious of fibres, 
fine tLaufiverso Btriatdoas , B, soctious 
of fibres 

to four hours In the cold The deiutratlou must he carried out with great uaro since otliorwiso 
irrogiiW stnations aro obtained on dyeing In prootloo all but 0 06 cent, of N can bo 
eliminated , this small amount of mtrogan is detectable by the diphenylanilne reaction (Vol 1 , 
p 284, footnote), and thus allo^vB of the distinotion of this artlfi^l silk from other (dlju, butli 
artificial and natural Artificial allka may also be distingmBhed from natural silk by mlorosooplo 
examination (ass Pigs. 4S9, 400) 

In 1021 tuQ most Important factory In Europe maJdng Chordonnet sOk was that of Tublee 
(Belgium), with a production of more than 3000 kdoa per day It is possible that this works 
may continue to flourish, os it produces excellent silk, especially for woaying, and also fine yams 
(60 denari, whereas 120 denari Is a common count for yisoose silk) , further, its plant is written 
ofi, It has cheap aloohol and ether at its disposal, and it obtains high prices If, howoyer, the 
latter fell, it could not survive. 

(2) Glamstoff, prepared by passing hydrooelluloso (mercerised ootton) dissolved m anunoniaoal 
copper oxide solution, through yeiy fipa capUlaiy cuasB tubes so as to obtain — after complete 
coagulation In a bath of sulphurio aold at 16° to 20^^ B4 or one of 6 per cent, oaustio soda — 
filaments so slender that 226,000 metres do not weigh 1 kilo (Pauly or Premeiy and Urban 
Bdk) 

The first patent for this process \vaa that of Despeissis in 1600, but this was not renewed 
m a year's time The process was improved and rendered praotloablo by Pauly, Bronnort, 
Premery, and Urban, and the manufacture was undertaken by the Verelnigten-GlanKstoff 
Pabrlken of ElberfelcL Well defatted, bleached ootton waste Is Ibaviated with somum carbonate 
and hydroxide In an autoolaye for 9 to 4 hours, rinsed, bleached with cold hypochlorite 
solution, well washed and centrifuged. The mass is then treated with ooncentratra caustic 


82S 


VISCOSE SILK 

(which produces aodio ooliuloso),^ aud thou disBolving m oarboa disulphide, obtained a 
douse, visoous, orango-yellow solution of oolluloao sodloxonthato or sodio oollnloBo zanthate 
or Bodio odl^oae chthiocorbonatc O0H10O5 + 2 NaOH + CS2 = HgO + NoS OS 0 
OgH0O4 NaOH, tho ooinpositiou of wluch is analogous to that of sodium xonthato formed 
whon sodium alkoxidc is fcimtod with CSg CS2 + ONa = NaS OS OO^Hu 

111 alkahiio solntiou this substaiioD ooustitutos the so called v%8cose, but the molBOula 
gradually polymerusos and bocomos continually poorer In sulphur owing to the separation 
of tho oouipl^ea S 0 SNa and the formation of more oud more highly oondens^ mole- 
ouloSpNoS OS 0(CflHBO4)jOH, NaS OS 0(CflHo04)a(OH)fl, NaS OS 0(0aHB04)4(0H)a, 
and even higher polyinendos (Got Pat 187,360 of 1004 , 92,600 of 1800, and Pr Pat, 
334,630 of 1004) This jiroaeas is tho so oaUed mUuraiion of tho viscose * After 24 hours 
at 16° tho oolluloBo ooiuplox C^g is formed and tlio \'iB0Dae is soluble in water , after 
6 to 7 days tho ooinplcx bocomos and the visooao is then soluble no longer in 

wator but only m excess of alkali, and is readily ooogulablo ou neutralisation with dllnto 
aoid , with loss dilute auld or after tlie laiiso of a longer timo the visoose dooomposos giving 
insoluble ocllulose hydrate Those lost olmuges ooour readily and rapidly during the 
^mmng pioooas, so tliaC tiiero remains htuilly a slender thread of lustrous celluloso, mod&> 
lately strong and oloatlo Duiuig the coagulation (^ea lakar) of tlie filament, the iinpuritiea 
remam dissolved and oro oliinlnatod. 

Por the ooogulatiou, Steam (Ger Pat. 108,611 of 1808) used a solution of an ammnTihim 
salt, partioularly tho ohloridc. Numerous mis^tures of salts were subsequently patented, 
the problem bohig solved by tho uso of moro or loss amd solutions of sodium sulphate or 


soda to ineroerlso it and form sodio ooUuloso, which is more soluble than oollalose m the onpvo- 
ammouiaoal hquid (0 tu 7 kilos of cotton xier 100 litres of solution) The latter is pre^red 
boforohand in large tanks (hi ccUoih) containing scrap copper and concentrated onunoma sofation 
kept m circolaldun by a pump wldoh also injects an imtd each hire of solution oontahiB about 
16 arms of dissolvod copj^wr In this hquid, stirred now and theii, cellulose dissolves m aix to 
olg^ days, tho sohibllity incmvsmg os tho amoiuit of copper present increases and as the 
temperature is lowered (bot^^ eon 0° and 4°) As soon os tho odluloso has dissolved and the mass 
become dense and stringy it must bo filtered under pressure, smoe if this is delayed two or throe 
daya tho cellulose begins to undoigo dopolymensatiou (ospooiolly in a wonu placo), and tho moss 
loBos its vlscoBlby, with the result tliab tlio silk obtained is of poor quality, irregular and woa^ 
Spimilng follows closely on filiation Tlie threads from the oapillo^ gl^ tubes wore at 
one time uoa^ated by ^HiuBlug them mbo sulphuric odd of about 20° !d 6 , but there Is then 
clanger of weiuening of tlio fibre o^ving to excosaivo hydration, which Is facilitated by tho nse of 
temiioraturo caused by tho iioutralisabLuu of tlio aimuonia. On this account it is now proferrod 
to produce coagulation by moans of 6 per cent caustic soda, this giving a softer and more lustrous 
bHIc from which a veiy wook aulphuno odd bath readily diminatos the tiocos of copper hydrate 
predplbat^ by the soda. Aucuidnig tu Gor Pat 221,041 (1008) coagulation mth olkallno 
sulphite or bisulphite Bohitioii ajipoars advantageous 

Qhuizstofi competed for aomo yoom with ultrooolhiluuo silk, but it has now succumbed in 
favour of viscose sUk, which is cheaper and possibly supenor 

(3) Tho silk prepared from edmusa occUUb by Qrow and Bovan Hoems to bo free from tlio 
defects moutiouod above and to be Bujicnor to all other artificial silks In its strength, which is 
equal to that of natural silk Tho manufaotiuo of this was started some years ago by Count 
Domiersmark, iisiug acetic anliydrldo and chloroform, but it is too costly to compoto ^vlth otJier 
silks, and is dyed only in dilute alcoholic Bulutions (Got Pat 162,432) Excellent solvents for 
oelluloBo acetate have boon found In totrachlorocthano and formic ooul (Got Pat 237,718 of 1007) 

(4) Millar aud Hummel's Frtndum stU;, ob tamed from gelatine solution and now from oasoui 
is nob used proobioally 

(6) K Hofmann (Gor Pat 227,108 of lOOO) obtauis artificial udk and also hair and films 
by dissolving uolluloao at 220° in a mixture of oonocutrated phosplioilo and acetic acids, and then 
precipitating with wator or salt nr alkali solutioiL 

(6) According to a l>utoh patent of 1011 (No 481,062), port of tho coaeiiL suited to tho 
monufaeturo can be aoparatod by precipitating the unsuitable casein (which gives brittle products) 
from slum milk by means of soenum pyrophosphate solution (8 grmB of the salt per litre of milk) 
JBVom the decanted liquid, the solable part of the oaselu is then precipitated by means of dilute 
ooid. This predpllato Js pressed, dis^ved in a little dilute ammonia, llltorra, repredpitated 
with aoid, again prsaed, rendered plostlo with a little ammonia, and spun , the thima Is rendered 
insoluble by moans of dilute formaldnliyde solution* 

^ Treatment of obUulose with a solution containing more than 12 per oent of NaOH givoa 
Bodio cellulose In i^e ratio (OaHigOs)! 2NaOH, which is decomposed by excess of water, giving 
odlulose hydrate and oaustlo soda , If the sodio cellulose is treated with absolute alooho^ 
1 molecule of the alkali separates, leaving aemiBodto oeUuIoss, (OsH^oOBluNaOH 

* That the sodium atoms of the sodio cellulose tekke port m the xoimatlon of visooso is shown 
by the fact that the sodium atoms of viscose may be eliminated by treatment with iodine sdatlon, 
in aooordonoe with the equation 

2Nafi CS 0(C4Hg04)s + Ig-2NaH-(C,Hg04)s0 CS-S S OS 0(CBHo04)n 
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biBulphate (MtiUer, G«r Pat 187,947, 1906) Later patents improved MUller’s solution 
vluoh gave a pillr of poor lustre, owing to its excessive acidity (up to 20 per cent of free 
ooid) The acidity iieoossary to produce coagulation is 1 to 6 per cent , and the greater or 
I ftftfl rapidity of the lusolubiliBation depends on the quantity of sulphate, the duration of 
the notion, and the temperature, these factors also affecting the lustre and the BtiokiuosB 
of the fibres (Qer Pat 267,731, 1911, 287,965, 1912, Pr Pat 449,603, 1012, etc). 
In general, the acidity must be leas than that of the bisulphate. TJie presence of glucose lu 
the spinniDg bath is aJso advantageous. 

The industrial TnanufaeburB of viscose silk is now carried out approxunately as follows 
Oellulose in sheets, as used in nmlfing paper {bbb p 606),^ is dried at 60° and then immersed 
in about 18 per cent oaustio soda solution (45 lios or more of the solution per 16 lulus of 
cellulose) After 8 to 10 hours the soaked and swollen sheets are pressed hydrauhcolly 
to eluninato the excess of soda, broken into lumps, and reduced m a toothed pulpor to a 
fiocoulent mass. This is kept m oylmdora away from the air for 4 or 6 days at 20° to 
28° to allow of the oomplete conversion of tha cellulose into sodio-oellulose. 

D\Ui%QQaTlKmoUon is effected m mixers of the Werner and Pfloideror type (p 472), either 



Pig 491 



Fig 402 


of iron or niokd lined, with a tight fitting cover and with a Jacket for the circulating cold 
water For 16 kilos of oelluloBo 10 to 11 kilos of pure, washed carbon disulphide is required 
Milling proceeds slowly for 2 to 3 hours, ihe orange yoUow, spongy, olottod mass 
obtained being mixed vigorously in a vertioal drum with about 46 kilos of 16 per cent, 
caostlo soda solation , sufiRoient water is mixed in to give a final solution of density about 
1 13, oorresponding with about 7 5 per cent, of oellulose and an alkalinity of about 12 per 
cent., expressed as NaOPL The degree of maturation required may bo detormlued in the 
laboratory 

In th^ maturation vessels the mass (sometimes filtered beforehand through filter- 
presses with olotlis stuffed with ootton-wool) is loft at 14° to 15° for 3 to 4 (sometimes 0) 
days, oar-bubbles and exoess of carbon disulphide bemg expelled by prolonged evacua- 
tion of the vessels. The matured viscose solution is filtered a^, clear and aar-free, la con- 
veyed to the tanks which feed the spinning machines through a ppe A (Pig 491, transverse 
set^on , Pig 492, view of front port), kept at constant temperature by means of a Jacket 

^ The oellulcffle should contain as little hemioellulose as poaslble (leas than 18 per cent ), alnoe 
this IS not coagulated by the add bath and is lost. 

The hemiemlulo&e is determined by heating the oellulose for an hour with 18 per cent, oaustio 
soda Bolutlon, washing it thoroughly with hot water, drying and weighing the residual oellulose f 
the loss IS principally hemioellulose. 
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Tlio pliw, Af runs lionzoutally along the whole of the double bench oairyiug the two long 
trouglifl, D nud D'-, ooiitaimng tho ooagulatiiig solution of density about 1 38 (at 20°) and 
tomperatuco at moat 56° If tho temiiorature m the troughs is kept between 60° and 66° 
the viscose filament ooagulatos and becomes insoluble dunng its passage from tho mouth 
of the capillary tube, Q, to tho spool, Q, winch is partially imineraed in a trough, H, 
containing blsulphato solution of density about 1 16 and acidity 8 per cent at 16° 

From the main pipe, A, the viscose solution is pumped into the tubes, B and 5', 
carrying thick gloss tnlws, C, tcrminathig m a jioint clos^ with a platinum disc having 
18 capillary perforations (Fig 403) Finm the latter issue the slender threads (becoming far 
moro slender on drying), which are collected mto a single thread, this passmg through the 
oyo, at the rate of 40 to 60 rnotros per minute.^ 

Tlio ^vaato yarn and tlie lumps fonmng at the orifices of the eapillanee when the thread 
breaks arc thitiwii into the trouglis, N and Tlie threads are freed from port of the acid 
solution they hold during their poasago in a stretched state past the fixed gl^ rods, V and 
The alteration of tho acidity of tho solution m tho troughs by the olkohno viscose is 
countcrbalanctM-l by addition of fresh solution The threads are wound orosawise on the 
spools to ilimiiuflJi thou teudouoy to adliero 

Tho wound silk is washed m ninniog water for 2 or 3 days, dried in circulating 
air at 06° to 70°, steamed to fix the twistmg, skehied, and treated m hot dilute sodium sul 
X)hidc solution to romove adherent tiaoes of sulphur from the coagulating bath. Finally 
tho skeins are woslied m rnnniug water, bleached with dilute {eg , 0 16 per cent ) tepid 
oaluiiim hypochlorite solution, softened and rendered moro 
lustrous in a dilute sulphonomato batli, centrifuged, and dned 
in a ourronb of air at 60° to 00° Tho diy Bkeiiia are beaten by 
hand and sorbed into skoins of equal weights and hence of equal 
counts, those diifeimg by more than 8 to 10 grma per 260 grms. 
being diHoanlod , with good working those diseorded m this way 
slinuld amnimt to loss than 7 to 8 per oont , but with bad working 
tlioy may oxooed 20 per cent 

Properliea, advaniageji a}id defects of art^ficuU silk Deiiitratod 
silk shoivs dumnlsliod strongtli and, as with other qualities of 
artificial silk, the strengtli is ooiisidorably less m tho moist state , 
under such oonditlons it eon still oompoto with heavily weighted 
natural silks ^ 

In general a fibre of artlfioial silk can bo distinguished from one of natural silk owmg 
to tho small roaistauoe of tho former to tension when in the moist condition. Artifloial silk 
is now rondoi‘od roslsbont to moisture and to water by trontraeut with formaldehyde, but this 
dimuuBhes to soiuo extent tho softness and elastioity 

A further disadvantage of artifloial silk is its high speoifio gravity, tho some weight of 
yarn of tho aanio si 7 b giving a larger quantity of fabno in the case of tlie natural silk than 
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^ Tho mnoiiinery used m Hpliinmg aptlfloiai silk boa now undergone further imnrovommta 

wliioh permit of tho produotlou at oiiuo of bundlofl of throada, tiiose being aubjeotod during uioir 
dovoiopment to rapid rotation so tiiab tbe completely twisted yarn la obtained m a alngle 
operation. Tliore arc also maohluoa whloli give two bundles of threads twisted In opposite 
direotlonfl and at tlio same timo ^v^ud the two bundles nue on tbe other so as to produce nniBned. 


urgonnino of two throods 

^ According to Hassock fclie sbrongtbs are os follow 


Natural slllcs boiled and luabrod 
„ „ led, slightly weighted 

„ ,1 bluo-bl^k, 100 per cent, weighting 

„ „ block, 140 per cent weighting 

II II II 600 11 11 

Oellulose oootate silk 
White Ohordonnet silk 
Lehner (Frankfort) silk 
Pauly (Elberfeld) silk 
Viscose silk 
Cotton thread 


20 

20 

20 

20 

20 

17 

0 

14 

14 

14 


Tuntidty lu kilm iior hh lum 


Dr> 
37 6 
20 0 
12 1 
79 
22 
10 2 
141 
17 1 
lei 
216 
116 


Moist 
36 
16 6 
80 
63 

66 

17 

43 

32 

10 6 


The elaaUctiy is tlie elongation exhibited by 100 cm of the fibre before b^loM ly 

or atrenglh of natural silk u 3 to 18 gnus for the smgle thresid (bava) ^balfier (LyoMj 
leoently increased the strength of viscose in the moist state by treating it in a bath, oontaimag 
16 per cent, of formaldehyde, 5 per cent of alum and 6 per cent of laotio acid 

VOL 11. 
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with the ortifioiaJ But while, with the first artificial silks, the excess of speoifio gravity 
was 16 to 20 per cent , the difference is now reduced to 7 to 8 per cent , and further progress 
in this direction is not improbable. Natural silk has the sp gr 1 30 and celhiloso acetate 
Bilk 1 261, while other artificial mlkH show values exceeding 1 6 

Marked advanoes have been made also m the count of the thread Until a few years 
ago, only yam of 120 denan (75,000 metres per kilo) could be mode, but nowadays counts 
of 80 denan (112,000 metres per kilo) are regularly spim, and in some coses, witli Ohardonnot 
mlk, 40 denan (225,000 metres per kilo) has been reached These aro still far from the 
fineness of natural silk (10 to 20 denan, i a, 6 to 7 milhon moires per kilo), but represent 
an appreciable step forward. Viscose silk of 160 or even 120 denan is commonly spun 

Conaiderable diMoulty was at first encountered in the dycxng of artificial silk, but 
nowadays the ordinary methods are iised.^ 

Artificial Bilk of ooUaloae hydrate is somewhat hygroscopic and m tho air absorbs 11 per 
cent, of moist uro, whilst that with estenfiod hydroxyls (cellulose nitrate or acetate), Uko 
natural silk, absorbs only 3 to 5 per cent 

In its behaviour towards polarised light, artificial silk shows itself doubly refracting 
By a rod ammomaoaJ solution of ruthemum oxyohlondo, denitratod Cliardonnot silk and 
vlsoose Bilk ore coloured red, but non denitrated and ommoniocal oupno oxide silk arc not 
ooloured. 

When heated m a dosed tube at 200°, artificial silk chars but natural silk undergoes 
httle change. 

USES OF ARTIFICIAL SILK. The most valuable property of aiiflfioial silk is ila great 
lustre, which exceeds that of natural silk and permits of its use for a largo number of 
different articles. Beautiful new effeota are obtamed by using it as weft in figurod textiles 
with warp of natural silk, a now opening being thus provided for tho latter It is also 
used with odvontago os weft m sOk ribbons. For some years it has hold olmoRt undisputed 
sway m the lace industry Fringe and cord for ornamenting garments, laoo, ombroidoiy, etc , 
are now largely madct from artificial ailk. Special articles which cannot be obtained 
with natural silk are made from the artifloial product. There is now a large oouaiunption 
of arinficuil ha\T prepared from artifioial silk 1^ fusing together several thin fibres so os to 
form a singlo large compact filament which, unhke large fibres obtained directly by spuming, 
is fiexlblB and resistant This artificial white hair, which con be dyod various colours, 
IB in great demand os a substitute for horsehair, which is difficult to bleach and also rather 
expensive owing to the moreased demand for horses for mllitaiy purposes This hair is used 
for vanouB omementa but mostly for makmg wigs for ladies, and artificial bnstlos 

Another mteresting application of artifioial tnlk is m the manufacture of incandescent 
gas mantles according to Flaissetty’s patent such mantles are more resistant to shook 
even after burning, and oan be used m trains. 

Largely used also is a new product obtamed from visoose, namely, a kind of ebemitt 
which serves well for the manufacture of artistically worked and coloured umbrella handles, 
knife handles, etc , and resists the action of the a^da and alkaJla with which it is likely to 
come into oontoct. 

^ When, tho artificial silk footonea supply a liomogeneous product, dyeing is usually oocom 
fished without difficulty on skeins of yam, just as with cotton and ^k Tho metliodB of 
^eing are thoao used for cotton or, moro exactly, for meroeriaod ootton, wliloh is also oelluloso. 
The cueing oon he oairied out without special moi^onta if substantive dyestuffs (diomlno, bonzo, 
coigo, eto ) are used m a bath of sodium sulphate and a little sodium oarbouate at the tomporaburo 
of oO** to 0O“, vanouB preoautioiiB being taken in the manipulation 

With basLo dyes, a taniim or tartar emetlo mordant is used, just os with ootton, the dyomg 
being oommenoed m the cold and terminated at a gentle heat m presence of 2 to 8 p^ oeuti 
of aoetio ooid Ceirtain haeio colours dye Chardonueb silk even without mordanting new 
sulphur oolonrs are also used. 

These different processes give all oolours, from tho polo and more dehoate ones to block, 
in all shades One merit of ertifloial sUk is that it oannot be weJghtod so heavily or so easily 
as natural silk Only whan hlaok can it be relatively heavily we^ited 

Cellulose aoetate silk is not readily dyod by aqueous aolutlona of oolouring matters, bub os 
it easily fixes phenols even from dilute solution, a fine paranitranlline red ca n be obtained by 
passing the silk Into a hot 0 6 per cent. )3 naphthol bath ftTid then into a 1 6 per cent p mtnmiline 
hydroohloridd bath oontaimrig sodium acetate. Cellulose aoetate silk aoquhres Inoroased affimty 
for oolouimg-matters if treated with ammonium thiocyanate 

Scroop or lustle may be conferred on artifialal willr by treatment in a bath of glycerine and 
glucose and then in one of aoetio or tartaric amd. It is freed from polysulphldes by means of 
sodium thiosulphate. 



USES OF ARTIFICIAL SILK 827 

Casein pioduota, whioh Lave aJso been miggeated for tLoee porposcs, cannot oompeto 
with viBoose ebonite, wIuoIl oxhibita marked advantages oyer bone and lioni m the manu- 
facture of bruBiiea, as it ooii be more easily worked aud more easily pioroed to allow of the 
ilxiiig of tlie bristles. 

As hair ornamoiits for ladles, great use is mado of artificial silk In thin slieets or nbbons 
showing bnlliaiit ooloiira aud B 2 iarklo. Artifloiol silk is also used iii loj^e quantity for 
making materials for tapestry, upholstoiy, noekties, hat-Juilngn, etc , mth whioh no 
resistonee to tho aotiou of water is required. With fine salts viscoao smeared on paper or 
fabno shows Hue silky e^oots and fine roeulta are also obtamod with bronze powder mode 
into a paste witli visooso and spread on diiferont olotlis 

Important now outlets would offer thoniBolves for artiAolal silk if tho reaistanoe to tho 
action of water could bo unproved It seems to be a question of saturatiug the hydroxyl 
groups of hydroooUuloso so oa to render tho latter stable towojds water, and tho most 
promising attempt yet made is that with oollidose aoetato, whioh gives a silk lilghly resistant 
bub os yet too expensive, sinoo aeotio anliydrldo is used m its maniifaoture, while tlie oellu 
lose acetate must bo dissolved in elilorofonn to be spun In Amoiioa this new product is 
used 08 an elootnool insulator (its d%elecinc co)istanl, is 4 and that of yiseoao 7, compared with 
6 0 for porcelain) Other uses of oolliilose acetate were mentioned on p GOO 

Nuniorous patents have boon granted during tho imst ten years for the manufacture of 
cinematograph fihne, first from ocdiidose acetate (which, is, however, too elastic) and then 
from vificose, whioli is loss inflammable than celluloltL 

Viscose lias boon laigely used m rooont years to prepare oeZk7p4an6,'*Vhioh is obtomed by 
rendering sodium xanthate solutions insoluble by means of aimuonluin ohlorido and forming 
thin hhuB (0 02 mm tluok and up to 2 kllometra in length), wldoli ore as transparent and 
oolourlees 08 water even when Bupeiqiosod to form sheets weighing from IG to 1000 grins, 
per sq metre dJeUophane la highly elastic, and its elasticity, tenacity and impormoabdity 
are moreosed by treating ItirWith glyoerhio. It can be stamped so as to produce artistic 
offeots Considerable uso is mado of it as wrapping for sweetmeats, perfumed subatanoos, 
etc , which ore thus protected agonist water, fatty matters and gases It resists alcohol and 
water oven at 100°, and lias been pro^iosod as a suitable matenol for making oinematograph 
films and for rendormg fabnoa waterproof 

STATISTICS The world's prodiiotion of orbifielal silk was about 2,G00,000 kdos lu 
1005 , more than 0,000,000 kilos m lOlI (about 2,500,000 being uiUtxiolliiloBe silk, on equal 
amount ammbuiaool ooppor oxide silk, and nearly 1,600,000 kilos visooso silk) , 7,000,000 
kilos hi 1913 , 9,000,000 kilos (2,000,000 m IVanoo]L in 1014 , and probably more than 
12,000,000 kilos in 1021 Franoo exported 03,700 Idloa m 1008, 78,500 m 1900, 101,700 m 
1010, and 170.200 in 1011 

Italy oonsumoB largo quantities of artlfioLal silk. Bofoi'e the war tho tlireo large Italian 
footorloi (Padua, Pavia, and Turin) wore working under adverse ooiiditloiis owing to tho 
0X00861V0 cost of patents and the keen foreign oompebiblnn, but m 1020 and 1021 two new 
factories for molung, like tho otJieis, visooso silk wei*o started, with potential outputs of 
8000 and 2000 kilos respootively per day Largo quantities of ortifiouil aJk are also 
imported 

The United States began to prodiioo aitlfioial silk in 1911 (150,090 kilos), and prior to 
the war imported largo amounia from Europe. Dunng and after tlio war now factories 
were erected, tlio output being 4,500,000 kilos in. 1020 , new plant capable of doubling this 
output IS either complete or in oourae of constniotiou. 

Artificial silk, whioh was sold at 28« to 82« por kilo m 1003 and 1904, oould bo bought 
at 20s in 1906, while the price fell to 10s m 1000, 13s Gd lu 1008, aud 12s in 1010, the 
poorer qualities being sold at 6s to 8s per kilo The price again foil When vlsooae silk was 
put on the market and reached 8s in 1013 

Even before the war many artifioiol silk works realised enormous profits (the divl 
dends being 30 to 60 per cent, for some years), in spite of the huge royalties paid Since 
almost all the more important patents have now expired, it is probable that this industry 
will undergo still greato development. 

CHEMICAL TESTS FOR THE RECOGNITION OF DIFFERENT 

TEXTILE FIBRES 

The commonest test for distinguishing animal from vegetable fibres oonaists in burning 
a thread , the former bum slowly, giving an odour of burnt nails and forming a round 

68—2 
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granule of carbon at the poant of the thread where combustion ceases, while vegetable fibres 
burn more rapidly, are converted into osIl and give but bttlo smell, wliloli rtcalls tliat of 
burnt paper OtJicr roactioiia are as follow 

Boilitig 10 per cent caustic pdash Hemp, jute, flax, cotton, aud artificial silk arc 
insoluble and are not coloured (excepting jute, which becomes yellow) , wool, silk, and 
aitifioial gelatine silk dissolve after a few mmutea 

CM cone evlpliuTxc acid (after two hours) Hemp, flax, jute, cotton, unweighted silk, 
and aitifioiol silk are soluble or ahnost bo, hemp being coloured brown isli yellow, juto 
brownisb block, and mcroensed cotton yellowish, while the rest icmaiu colourless Wool 
and weiglited silk do not dissolva 

BoiXi 7 \{j zinc Monde (00° B6) Flax, hemp, jute, and cotton arc uisolublo, juto alone 
being coloured a faint brown Wool, silk and axtifioial silk are soluble. 

SchiDettzer'a reagerU {see p 600), after two hours m tlie told, diasohea nioio or Iohh coni 
pletely (bettor if freshly prepared), hemp, flax, jute, cotton, nuwcightod silk (in loss than 
an hour) and artificial silk Wool is insoluble 

MtUoii'a reagent (solution of mercury in an equal woiglit of nitric auid of fqj gr 1 41, 
first cold, then heated gently, diluted with double the volume of watci and di canted after 
standing) (Dotton, flax, bonip, and Chordonnet Leliner nrtihoial silk arc not oolounMl , 
jute IB turned yellow, wool and pure silk violet red, and woiglitod silk and tusaali silk 
ochre-rod 

Cone aqueous magenta (just deoolonsed withNnOH) Wool and silk oru tolourod rod, 
whilst cotton and flax remain uncolourod 

Sdver miraU aolulum Wool is coloured violet to black, wJiilst ootlou and flax arc not 
coIouL'ed. 

lodo-ziuo Monde solution (1 part iodine -f 6KI -f 30 fused ZiiCJl^ 14 w^ator) in the 
cold Flax, hemp, oottou, and ortiflolal silk are coloured violet brown (inoiooi'ifKKl cotton 
almost black) , jute, wool, and tussah silk are turned ycllowlsJi and with time bceoino 
colourless , tnie siUc is not coloured 

Lovje's reagent (shake 10 gnus, copper sulphate, 100 o o of water, and 5 gmia of pure 
glyoerlno and add caustic potash m quantity scaitjoly siiffloient to nxllHsolvo the pi'ociiiitato 
formed) m the cold dissolves only naturaJ silk and is used for the quantitative separation 
of natural from artificial oillc 

Dtphenyla'niins aulpliate (1 grm in 100 o o oouo H^SOj) lu tlic cold Hump, fiax, juto, 
and tussah silk 01*6 dissolved, giving more or less iiiteuso brown ooloratinns (Aax dissolves 
leas easdy and is leas coloured) , cotton and wool dissolve with yellow ooloiation, silk 
disBolvee, giving a ooloml^s or faintly brown solution , artificial silk ossumos an Intense, 
ohoreoteristio blue colour 

Molisch'a reagent (obtained by dissolving 15 grms of a naphtliol in 100 0 c niooliol) 
the fibre, dyed or otherwise, is first punfled by bolhng with 2 per cent sodium uaibonato 
solution and waslung thoroughly \vith water One ceutlgranmio of tUo fibre is treated 
'With 1 0 0 of water, 2 drops of Moliscli's reagent, and 1 0 0 of oono HsbOj , all tho vege- 
table fibres, inoludiDg artificial silk, dissolve -with a violet-blue ooloratiou , wool is Insoluble 
and IB coloured reddish , silk is dissolved, giving a reddish (or, if weighted, an intuuso rod) 
solution , tussah s Jk dissolves, yielding a yellowish solution 

Iodine solution (1 grm KI, 100 0 c H^O, and excess of iodhie) 0 1 grm of tho white 
fibre, purified as above with sodium carbonate, la treated with a few drops of iodmo solution, 
tho excess bemg removed by means of filter paper , hemp, flax, cotton, and artificial silk 
are coloured blackish brown (fiax more intensely than hemp and unmercorlsed oottou 
reddish brown) , wool and silk become orange-yeUow and jute roddish yellow 


QUANTITATIVE ANALYSIS OF MIXTURES OF 
TEXTILE FIBRES 

It IS often of importance for trade or fiscal purposes to determine quantitatively sub 
Btanoes extraneous to textile fibres m order to asoertam their oommercial weight This is 
deteimmed by means of the so called oonditionmg 

In oondziiomngt which is now oamed out offlolidly, the moisture is estimated by drying 
in an oven with automatic regulation, and thus determining very exactly the amount of 
dry fibre (absolute weight) remaming after silk has been heated at 120° or wool and cotton 



ANALYSIS OF MIXED FIBRES 


829 


at 105® to 110® To obtaui tlio oominoroml Tvoiglit tho absolnte weight is inoroofled l)y tlio 
noiinol moisturo wliioli tho hygrusonpio fibre absorbs fi^oni the air, this being fixed at 
12 per oent for Jlax aud Acmp, 13 76 per ooiit for^tic, 8 5 per uoiit. for mUon^ 18 26 pei 
(leiit for oombod wool, 17 pei ooiit for spnii and oordod wool, and 11 iier oout foi »Uh 
(120®) , also the amount of drosaiiig hi tlio fibre uiiist be duduotod It is, however, to bo 
noted that usually wool lias only 11 per cent , silk S 6 per cont , and ootton 7 6 per oont of 
moisture when in ordinaiy Hiirroundings 

Dreaa%ng 5 grins, of the fabiio are well washed with water, wrung out, boiled foi 
16 nunutoa in 150 o e of 0 1 per oout sodium oorbouato solution, washed in water and 
rubbed — all the fibres being giiisped — heated to lioillug with 160 o o of 1 per oent HCl 
and kept on tho stoani batli for 16 minutes, ogam washed and rubbed, boiled for 15 mum ton 
with distilled water, wosheil wltli oold water, pressed in a towel, washed two or tlireo tiinoa 
with aluoliol and two or throe times with cthor, diicd in tho air and thou in an oven to 
oonstanb weight 

The loss In weiglit, aftoi allowing for tho moisture (aee pieoeding determination) repic- 
seuta tho di'casing and oolouring matter , tlie latter is almost always a negligible quantity, 
blit in tho ease of block may bo tolcon at about 0 3 per cent, of the weight of the pure 
fibre. 

Mixed Cotton and Wool Fabric After the moistiue and dressing hayo boon dotennined, 
the ootton may be estimated and the wool doduoed by difioronco or vxoe versa The cotton 
Is determined by boiling 3 gnns of yam or fabric with 100 o o of 10 per cent oaustio 
potasli solution, tho wool qiunkly dissolving , tho residue is well washed with water, boiled 
for 16 minutes with distilled water, squeezed, washed with oloobol aud with ctlier, and 
finally heated at 100® to 105® untd of oonstant weight, representing tho dry ootton In 
roduoing this to peroontago, ooeount is token of the moisture and of the drcssuig If, 
however, tho wool is to bo dotoimmod directly and the cotton by difforouoo, 3 grins, of 
the fabric are boiled fur 15 mmiitcs with 0 1 per oont sodium carbonate solution, riiisod 
In water, well ivrung out in a towel and loft for two hours in cold flulphurio acid of 
68® Bd , it IB then waaliod lu a largo amount of water — care being token that the remobung 
wool does not booome 1 mated — boiled for 16 minutes in distilled water, squeezed, woshed 
with aloohol and witli ether, and dried at 100° to 106® until of oonstant weiglit, wbioh 
roproaonts tho di'y wool 

Mixed Cotton and Silk Fabric After tho moisture and dressing havo been dotermbiod 
(see u&oiw), tho some pleoo of dned fabric is unmoraed for a minute hi a boiling solution ol 
zino olilondo (00® Be ) and washed AebL with water slightly aoldified ^vith HNOq and thoii 
witli pure water until tho wnali water gives no vino preolpitnto with amraoiiiiim Hulphido, 
the remaining coUon being washed witli nioohol and with otlier and dried at 100° to 105*^ 
until of onnstaub weight , tlio silk is oalculatod by difioi'oaoo In the ease of tussah silk, 
tiie aotioii of tho zinc chloride is prolonged somewhat In order tliat no loss may ocoui 
with a heavily weiglite<l silk, the dressing is ohininatod by moans of sodium oarbonato 
aJonp, truatniuiit with liydioohlorlo aoid being omitted 

I^xed Wool and Silk Fabric TJio silk is dissolved In vine obloridu and tho residual 
wool weighed, the fnlk being detenninod by differoneo (aee above) 

Natural and Artificial Silk Fabric The natuial silk is (IibboIvocI m LOwo's reagent (sea 
ditove) 

Cotton and Linen Fabric As a iido tho dilTorent fibrtn enu ho separated by iiand, but 
when tills is not possible the uotton (after tho moisture and dressing Imvo been determined 
on tho same piooe of fabrio) is dlssolvod by nnmei'sing tho tissue for 1 to 2 mbiutos in eon- 
oenti*atotl siilpliurlo acid , tho fibre Is waahotl well with water — being rubbed moaiiwbilo — 
tlien with water and ammonia, and ogam witli water, tho linen I’cmaiuing being dried and 
weighed. Tho ootton is obtamed by difTerenoo. 

Different Artificial Silks Those from nitrocellulose (Chardonnot, Lebuor, etc ) contain 
trooos of mtro derivatives and witli diphenylomme and sulphuno aoid give a blue reaction, 
which is not shown by other silks. F Masolmor (1010) distlnguiBheB difieront silks by treat- 
ment with oonoentrated H1SO4 , that from nitrooellulose colours the liquid a faint yollo\v 
only after 40 to 60 minutes , ammoniacal copper oxide silk is coloured yellow or brownish 
yellow immediately, while the liquid beoomee brownish yellow after 40 to 60 mluntea , 
viscose IB at once oobured oormine-red, the liquid turning brown after 40 to 60 mmutes. 
The fibres dissolve after about 20 imnutds and then carbonise 
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DYEING AND PRINTING TESTS ON TEXTILE FIBRES 

Of some importauoe are the tests wluoh admit of the olosaiiloation of oolourmg matters 
Bocording to their basio, ooid, nentrah or mordant ohoraotor To this ond, dyeing or 
prmtmg teste ore made on a small soale with wool and cotton (see also p 705 eiseq ) Teste 
made with colonmetera, which compare tJie intensities of coloration of solutions in tubes 
of equal longthB or veBsels of equal tluckness, axe of Lttle piootiool value. Heiico to osoorLaiii 
the dyeing power of any commercial product, the latter is ooniporod with a standard 
oolounng-matter by weighing out equal quantities (0 1 to 1 grin per Jiti'e of water) of the 
two, and dyeing equed weights of wool, cotton, or silk fabno witli doHmto vnliunos of the 
more or less diluted solutions The quantity of dye used is always n'feii'od to tho weight 
of the fabric, independently of the dilution of tho batJi , tliis is cspoouilly the coso witli 
wool (0 1 pel cent of the dye for paJe colours and 2 to 4 per cent for dark colours) Tlio 
dyeing teste are mode on 1 to 2 grms of wool or cotton yam or tissue in gloss or porcelain 
beakers of 150 to 250 o o oapaoity, these bemg heated In a bath of eoiioentrated sodium 
sulphate solution or of glyoonne giving a temperature of 101° to 102° m the dye batli (aee 
Pig 494) 

If the bath retains much colour after the dyemg, a second portion of the textilo Ja dyed 
without adding fresh dye If the cotton is raw it must first be boiled for an hour in a 
0 5 per cent, oaustio soda solution, and then thoroughly niisod with watoi If light colours 
ore used, the cotton is also bleached in calcium hy^iochlonto solution (loss thou 1° D6 ) at 
25° to 35° for an hour, washed with water, immersed in a 1 poi' cent sodiiiin bisulphite batli 

(antidlilor), and well riiisod in water Wool, 
if impure, is lioatod at 00° for 10 mimitos 
with a solution containing 0 5 per cent, 
of soap and 0 1 im cent of sodiiun cor 
bouatc, and thou well rinsed witli water 
Also Bilk, if not already discharged, is 
washed with hot soap sulutioru 

The comparatiyo dyeing teste sliould 
be made on equal quoiitibios of textile hbro 
wetted mufoi'mly before introduction mto 
the dyeing bath. Silk is dyed like wool, hut 
the bath is made less acid and the temperature rather lower Wool is dyed in on aqueous batli 
oontainmg 10 to 15 per cent of sodium sulphate and 6 per cent, of sulxihuno acid (or 6 to 7 
per cent of podium bisulphate — ^tho German WeinsieinpreparcU — in iilaoo of tho sidphurio 
acid) calculated on the weight of dbro , the bath is stirred continually witli a gloss rod and 
heated gently to boihng, being kept slowly boihng for 20 to 30 minutes , tlic wool is tlion 
rinsed and dned either In the air or in a water oven. Tho above procedure la followed more 
espcoially for acid dyes , with basic dyes, one quarter of tho amount of suliihnrio acid la 
sufficient. When wool is dyed with add dyes, it is not merely necessary to odd to tlie/lye 
bath the quantity of sulphuno acid required to hberate tho odd I'cslduo of the dyo so that 
this can be fixed on the wool, but m order that the latter may bo dyed intenady and well, 
20 to 80 times the theoretioal amount of sulphurio ooid must bo added (P Knooht, 1888) 
With mordant dyes, the wool w mordanted with 3 per cent, of potoBslum diohromate and 
2 6 per cent of cream of tartar (on the weight of wool) and about 100 times the wdglit of 
watw, heating gradually to hoilmg and momtammg this for nearly on hour, the water 
evaporated being gradually replaced , the wool is then rinsed and dyed in tho dye bath, 
which oontama a little acetic odd (1 per cent on the fibre), and la mixed continuously and 
brought slowly to the boil, boiling bemg mamtained for about on hour 

Knecht and Hibbert (1803-1005) determine the concentration of the oolourlng-mattera 
m the different solutions by reduction with standard titanium tnohloride solution , oiysbol 
violet, for example, fixes givmg the colourless leuoo denvativo. 

Cotton is dyed with eiLbsUmtwe dyes m more concentrated baths (50 of water to 1 of 
ootton) oontatoing 30 to 60 per cent of sodium chloride or sulphate and 1 to 2 per cent of 
sodium carbonate (on the weight of fibre) , this is heated slowly and kept boiling for 30 to 
40 mmutes , In general the bath is not exhausted and can be used for a second portion of 
cotton. In the case of sulpTvur colours, 20 to 80 per cent, of sodium sulphide ore added to 
the bath and m some oases 2 to 3 per cent, of glucose, and dunng the dyeing the ootton is 
kept nmneraed and out of contact with the air When hasio oolourxjig-maitera ore used tho 
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cotton is provioualy mordanted witli 2 to 4 por cent of taiimn diflsolved in water, being left 
in contact with this solution for 0 to 7 hours (overnight) at 50° to 00° (the tanmu is 
Hxod more slowly in the cold) , the cotton is then wrung, immersed for 10 minutes in a bath 
containing 2 por cent of tartar emetic (antimony jxitaflBium tartrate) at 40°, rinsed with 
water and dyed in the tepid (30° to 40°) dye bath for 20 to 30 minutes 

Dyeing on a largo scale is aarriod on under the same oondiUous, but the oaloulatiouB 
are made on a longer tune, and great precautions arc taken in the moving of the hbre and 
in raising the temperaturo, so b£ to obtain uniformity For dark oolours, the tannin Is 
fiicoil with ferric nitrate instead of with tautoi emetic Industrial dyeing apparatus is 
sliown more m detail later (p 841) 

PRINTING TESTS Tlie objoot of pnnting is to colour the fabno or yam in a deSmte 
pattern or witli different ooloura, port of the fibre being possibly left unaltered In the 
first rudimentary pnnting prooessos, the fabno was prmted with resin or a kind of cement, 
tho uncovered parts being dyed os usual and the preserving substonoe subsequently 
removoiL It is now usually regarded as profeirable to Bbarhp, to print, on the fabric or 
yam the ooloui mixed with lhicke?itn{; (gum, doxtnn, gum trogoconth, etc ) by means of 
metal rolls on which the doaired pattoru is engraved The engraved roll is ooat^ with the 
paaty colour by lotatmg against a rubber or cloth roUer (fumts/uir), one-hoLE of which dips 
in a vessel oontaLuiug tho tliiokeiiod colour , a knife (dodor) is arranged so as to scrape the 
excess of colour from tho metal roll, and the yam or fabno then passes over tho latter under 
pressure. In order to fix the colour and prevent it from spreading, the fibre is subjected 
for 30 to 00 minutes to the action of steam at about 105° (see Fig 562, p 865) By this 
means tho colour is fixed without unmerslug the printed fibre. Tho latter is subsequently 
washed with an abundonoe of oold water (or with tepid soap and water), which removea all 
excess of colour and tliiokouing agent In other cases similar effects are obtamed by dyeing 
unifonnly m the ordinary way and then printing on the dyed fabno reagents which decolorise 
(corrode) the dye at tho points of oontoot. Sometimes otlier oolours ore mtroduoed with 
tlio oonodlng agent, so that tho white ports 01*0 dyed a lighter or darker shade or a different 
colour from tho foimdation. 

A kilo of thickened colour for pnnting wool black — ^the wool having been previously 
Bubjoolod to alight chlorination to make it take up the oolourmg matter better (by immer- 
slon in a oold o^dum hypochlorite bath at 0 6° B^and then in very dilute HOI, washing, 
and drying) — may bo obtained as follows 760 of water, 1(X) grms. of gum, and 100 
gnns of Bnlx^h gurri (dextrin) ore heated m a jacketed vessel by moans of indlreot steam and 
kept well mixed, 60 gnus, of anthracite black F G and 10 grms of milling yellow 0 (and, In 
some oases, 8 grms. of odd anthracono brown B) being added When the paste is boiled 
uniform, it is allowed to cool, and before it is used a aolntiou oontaimng SO 0 0 of water, 
120 0 0 of ooetlo acid (6° ), and 40 gnns of sodium ghloi'ate is well mixed in. 

For piintmg ootton textiles, ooIouib are uscxl which form insoluble lakes with tonmn 
or niotalllo oxldos , such are basic and mordant colouring matters (alizarin, etc ) The 
former ore dissolved in ocotio acid and tannin (or a solution of 60 porta of toimin, 60 
of water, and 5 of tartarlo acid) and tho latter (alizarin, oto.) m ohromlum (or iron, 
aluminium, etc ) acetate, doxtnn, gum, etc,, being added in either cose. Fabrics treated 
witli tannhi, oiLer being steamed at the ordinary pressure and before being washed, ore 
passed hito a bath ooutoinmg 5 to 10 gnus, of tartar emetic per htro at 60° 

FASTNESS TESTS Tho fastiioas of a oolour is only relative and must bo oonsidared 
with roferonoe to tho purposes for winch the dyed fibre Is required , for example, it would 
bo superfluous to require fastness against light In dyed fibres or fabnos to bo used for 
undei clothing, llumga, oto The dyed speoiinon is mixed with sirailar undyod fibre and sub- 
jected to tho following tests, as required. Mordanted oolours answer all these teats fairly 
well, but in other oases more or leas of the oolour is given up 

Fastness against Water The sample is immersed in 60 tunes its weight of oold water 
for 12 hours or for 1 hour in water at 60° to 70° (and is left to oool in the bath) and is then 
dried in the oven. Note is taken of the colour assumed by the water and by the white 
fibre, especially where tho latter comes into contact with the dyed fibre. 

Fastness against Soap, Alkali, and Washing The skein of white and dyed fibre is 
ImmerBed 14 60 tunes its weight of an aqueous sohition oontainlng 10 grms of Marsefiles 
soap and 10 gnus of soda per litre The bath is heated at 60° for 80 minutes and aOowed 
to cool, the skem bein g then removed, well rinsed, and dned. The changes m oolour of 
the balk and the white and dyed fibres are observed. 
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Fastness against Milling This test is corded out with a soop ond soda solution, of 
double the above ooiioeiitration, at 40°, the skoiii being oontumally rubbed between the 
hands for 30 minutes, and then well -n ashed and dned in the uvon Colours fast to milling 
Bhould nob soil the white portion of the skein and sbouid give up only a inuumol amount of 
colour to tho bath 

Fastness against Bleach If tho colour is on wool or silk it is imniorBed m a 2 per oont 
sodium bisulpbito bath acidified at the moment of uaing witli a few drops of Jiydroohlono 
acid, and, after 30 mmutes, waslied and dnod Wlieu tlie colour is on cotton, tho test is 
made with a caloium hypoohlonto bath at 0 6° Be for half an hour 

Fastness against Scouring Lidigo, Turkey lud, and all basic dyes on cotton mordanted 
with taonui, o\en when dry, give up a httle colour to a white Iiaiidlcorohiof with wluoh 
they aie sooiued Other dyes should not soil tho white. 

Fastness against Acid The test is corned out for an hum 'N^ith 1 per cent sulpJniiio 
acid at 60° to 70° 

Fastness against Perspiration In some oases this test jh in ado with a 1 per cent acetic 
acid solution for 30 minutes at 40°, tho akem being dried at 60° niulcT Rjight presauro, 
without nuBing and after tliorough rubbing In otiiors, an alkahiio test is made — os in 
testing fastness against washing — but the imrinsed akom is subHcquciitly sorubbed and 
dried at 60° under slight pressure. 

Fastness against Ironing Tho dyed fabno or yani is ironed witli a very hot iron (130° 
to 140°), note beuig token whether, after cooling oud exposure to tlio air foi 15 mmutes 
tho fabric reaumca its original colour Many colours arc changed by ironing hut, but return 
to their mitml state in the cold 

Fastness against Steaming Tlie yarn is placed In a glass lube, tlirough wbioh steam at 
110° is passed for two or three minutes. 

Fastness against Light One half of a akom of yarn or of a strip of fabiic is tightly 
enolosod between two pieoea of cord, while tho othoi lialf is left frcH) , tho wliolo Is tlion 
hung m tlio open auf exposed to the sun and weatiier Foi pale oolourR, on expos 01*0 of at 
least two days, and for dark ooloins, one of at least four days, is neecssary in suiniuor, while 
in wmter or in cloudy or loiny weather (the skein must bo slioltorod fioiu rain), at least 
double or even treble these exposures ore necessary Tho oovorod and nnooverod portions 
oro subsequently oomporecL ^ 

Fastness of tiie Dressing against Ram A few drops of water ore sprinkled on the fabric, 
espeoiolly finer woollen ones, and after ex])oaure to tlio au it is noted whether tho drops 
have left fiunt spots In some oases tho fabno is soiatolied with tJie tluiinb nail , a paler 
streak should not result This tost is not apphed to cotton fabrics aiiongly dressed, since 
the nail will sometimes detach the dreasmg itself 

THEORY OF DYEING Tlie phenomenon of dyeing was at one thno tliought to bo 
duo to the porosity and capillarity of fibres which wore thus enabled to absorb and become 
mipreguated 'with dyes. The possibility of oheinioal ouinbniation butwaai the dyo and 
the fibre wou regarded os excluded, it being assorted that in sudi case tho fibi-o would 
undergo moiked ohaugo. The difiorent coloming powers of substancos were explained 
as due to difierout molecular magnitudes. Even at tlie boghnilng of last aontnry, in 
ObevTQul's tmie, "those ideas prevailed, and only m the cose of moixlont dyeing was any 
ohcmical fixation of the dyestuff assumed Latei on, Boi^mau, J Beraoz, etc , arrived at 
a purely ohomlool conoeptlon. of the phenomenon of dyeing, but when In 1885 siibstantlvo 
cotton dyestuffs of almost neutral oharaoter made their appeoi'anoo, thb chemical tlieoiy, 
which was based mainly on the bosio or aoidio nature of tho dyestuffs, was m some degree 
shaken Many then aeoepted a new theory m harmony witli tho osmotio phenomena of 
solutions, the more readily beoause no deflmte and oonstant relation between the amount 
of fibre and that of dyestuff oombmed liad been established. The ohemioal theoiy was 
and iB still, however, upheld by many authorities on the subject, more particularly by 
Noelting, by Kneoht, and by Vignon, who have pomted out that alloys form well oharao- 
tensed oompounds which exhibit no definite ohemioal relations between the components 
and may be regarded as true sohd solutions of one substance m exoeas of tho other !^rther, 
they were able "to show that silk and wool, m combining "with oolotiring matters, sot free 
the oold united with the base of the dyestuff, this aoid being found m the dye-bath. Also, 
■with oertaon aoid dyoetuffs (a g , naphtbol yellow), Kneoht and Appleyard found a constant 
relation between fibre and dyestuff 

Jaoqneram asserts that if there were no question of ohemioal combination, the dry 
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(lyod tiBsue abould havo the ooloui of the dry colouring matter, whorotm it lias tlio soino 
colour as tlie dlBSolved oolouniig matUa NioLzlu lindB that with oeitain Jilghly basic 
colours (e g , motliyl green), wool cannot of itself displace the inmeral acid of the eolourmg 
base, the addition of amiiionia being nooosBary , -wlnlo, with the sorae oolouiing niattors tlie 
more markedly ooichc Bilk la dyed without any addition. 

An Intei'cetuig fact, which supports the olioinioal theory, is that the base of roBomline 
is colourless and becomes rod (magenta) only when oouverted into a salt with HCl, a 
similar oluuigo is produced if wool is uumerBod m a colourloss rosonilme (base) bath, the 
wool being dyed rod owing lu tlio formation of a salt If the dyeing is oifeotod directly 
by rosamllno hydroohlorido, the bath ultimately contains the hydrooliloiio acid which is 
displaced by tlio acid of the wool Hbro (Jaoqnomm and Knooht, 1888) 

Moi-eover Richard (1888), Vignon (1800), and NietzJu (1800) showed tlmt silk and also 
wool 01*0 aotivo both towards acids and towards bases, so that in chotnioal uliaractera they 
ore comparable with tlio aiunio acids. The llbro may oven bo replaced by albumm, which 
IS dyed by tho same dyoatniTa as wool, etc 

Acoonling to W Snida (1007) tho dyeing of wool is ocooinpoiucd by liberation of the base 
of tho dyeatulT i^Iiiuli Lotnbini's (ui furtns salts) wibli tlio textile fibre, tho latter function 
ing as a polybnsio oold in viitno of its giianidyl and linumzolo groups Also Vignon ahowod 
tlmt when wool and silk aro dy«l with basic or acid colouring mnttoi's Jioat is developed, 
so that tho dyeing may be regaidod os a true, exothermic ohomloal roaotiou According 
to Vignon cotton Is not dyed directly by basic or acid dyostuffa (which arc naually aalba) 
since it has not the roaclivo force to deooinposo thorn, but If it la previously oxidised or 
amuiatod, it hxes these dyestuffs partially witli development of hoat Further, the differ- 
ence ill fastness against light of tho same oolounng matter (e g , methylene blue) fixed on 
oottuu (with tannin) and on wool or silk would appeal to favour tho chonuoal hypothesis of 
tho phenomenon of dyeing 

Li 1881) O N Witt aflvanowl a now tlioory, which oxplahia also tho dyouig of cotton 
with suhatontivo and mordant dyes Aooorduig to Witt, dyeing oonsiKts Tnoroly of a 
Bolution of tho colonring-matbor In tho fibre, analogous to that of solution of coloured 
metallic oxides in gloss, so that tho oolouiing nmttor possea from a liquid solvent (dyo- 
bath) to a solid one — tho hbi^ Itself — just ns ooours ivitli alloys oi in tho extraction with 
etlioi of a aubstauco flissolvod m another solvent m which it la less soluble than in other — 
assniuing tliat the two aolvonln arc mutually insoluble. 

JDyoing on mordants la similarly explained os duo to tho solvent propcitics of tho fibres 
for tho metallic salts, these tlien fixing tlio ooloiulng matter from the dyo batlu Tho 
dyeing of cotton with aulistaubivo ilyostuffs is regarded as tho result of tho marked solvent 
power of cotton (oelliiluso) foi ilioso dyoa In support of his theory, Witt oitoa tlio foot 
that Bilk dyed with nmgonta gives up its uoloui to alcohol, which la a hotter solvent for 
mogonta than is Bilk, while if the nJoohol is then dllntod with water, tlio colour is again 
fixed by tho Milk 

To tills olwoiwation Kiicoht (1002) mode tho reply that, with substantive colouring 
mattora lanugiuio and Burioliue ouicls form luuoluhle lakes, t e , tmo oompounds, while witli 
nmgonta they form loJccs aohihle in alcohol , it ih theroforo to Im suppoBod tlmt the magenta 
oxtraotod by Witt with alooliol la lu reality tho soluble lake formed by tho magenta with tlio 
oomponontfl of tho fibre R-oaonsLielil (181)4), Roisao (1890), and GiUot (181)8), after vanoua 
quantitative dyeing tosta, deoldo<l m favour of tho cliomloal hypothoaifi* 

Li 1894-1895 Goorgiovios advanced a number of argumeiitfl In favour of a purely 
meohanloflJ thooi-y of clyoing (his prixloocasorfl of a oentuiy earher boing Hollot and Lo 
Pilom d'Apllgny, and those of more rooont timea Waltoi C!rnm, Rpolm, and Hwaaa) Ooni- 
paiing tho latter with oocluflion of gaaoe by solids or with tho mcolmnioal fixation of dyoa 
on sand or on powdored ohaToool, etc , ho maintained that colouring matters fixed on fibres 
have the aamo pToportios as tliose not so fixed, and that tlioro oau honoo be no question 
of a ohemical reoebion (but aae above, Kneohb's experiment), shioo some dyoatufia fixed on 
fibres oan be seporaLod by mere aublunatlon, while m other oosos (with methylene blue 
and indigo oormlno) the ooeffioient of distnbntion of the oolourihg-matter m the fibre and 
m the solution is oonataut According to Krofft (1809), dyeing generally oonalsta in a 
deposition, on or in the fibre, of adhesive and realstout oolourmg salts m the colloidal 
state. 

Blitz (1906) has snooeoded m producing true dyeing phenomena by replaoing the textile 
fibre (cotton) by alununnim hydroxide or other hydroxides which bohave as bydrogda 
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(aec Vol I , p 100) towards the ooloiinng matter, which is reganlod as a colloid (lioiisw) 
puipuTine and sulphur dyes) Froundhoh and Losev (11K)7) have shown that oarbuu not 
only fixes oolounug matters but dooomposes basic colouring matters, fixing tlio coloured 
base m the colloidal state and leaving the acid In solution, ui the same way as happens 
with wool or Bilk Kueobt has recently (1009) found that the amount of colouring matter 
fixed by charcoal is related to the quantity of lutrogenous matter romahiing ui the charcoal 
oven after ignition, so tliat here a true ohomioal reaction occurs , tills investigator lina also 
shown that colouring matters cannot bo regarded os colloids, since they arc electrolytes 
and diffuse tliroiigh meinbraues 

In 1000 Droaper aud Davis demonstrated that basic coloiuiiig matters arc fixed in 
constant quantity on calcined sand, aud m increased quantity if tlio dyo solution coiitaius 
sodium ohlonde Rosenstiehl assumes that the phouomonoii of dyeing is explainable by 
the ooheaivo force between the oolouimg-nmtter and the textile llbro, tills force varying 
with the liquid or gaseous medium in winch the dyeing takes place and depending on or 
being produced by the osmotic pressure of this medium 

According to Mtlller (1000) dyeing may be regordotl os n phononieiioii of (ulwtrpiion of 
tho oobunng matter by the colloid, i e , the textile fibre There is honco not cheinical com 
bination, but fixation under definite conditions (of moisture and tompoiaturo) 

Meroonsed cotton fixes ooburing matters bettor on account of its more marked oollmdal 
character Tho prooesa of fixation or adsorption may also bo reversible aud oil the phono< 
mena of direct dyoiug depend on the I'elative coefficient of adsorption of tho colloid (fibre) 
for the oolounng-matter Jj^undhoh and Lobov and Pelot JoLvut attribute dyeing to 
adaorpiiont because the fixation of the oolounug matter from solution by any textile fibre 
X 1 X 

obeys the formula, - = jE" C - (where — denotes tho ratio botwoon the quantity of oolour 

absorbed and the weight of tho textile fibre, K and - arc ooustants, and C iudioatoa the 

n 

final oonoontration of the oolonnug matter), which also regulates the odsoiqitioii of gases 
by Bohd subatanoes and that of various dissolved subBtancos by animal oluixuoaL It 
cannot, however, be domed that certain linuted ohomioal procosBes also correspond with 
this foimula, and that many phonomona aooompouylug dyeing are most simply oxiilalnod 
ohomioally 

Indeed W J Mtlller and Slassaraki (1010), by moans of oxpcrbnontB on tho dyeing of 
artificial silk, show that the absorbed oolour vanes m quantity with tho ohomioal properties 
of the cellulose (raw, oxyoellulose, liydrooelluloso) 

Every hypothesis la supported by some oxponmontal foot, and it would seem that, 
according to the nature of tho fibre, of the colouring matter, and of tlio dyoiug process, 
the phenomenon is explainable oitlior on purely physical or on inirely ohomioal grounds, 
but more generally on both 

0 Weber (1891, 1800) and Qi lehm (1808) explain tho various phonomona of dyeing 
in the following way (I) Dyeing on mordanted cotton is duo to tho formation of lakes 
between, tho oolonrlng matter aud the mordant precipitated nioohanically on the cotton. 
(2) Azo-ooloonag mattors formed directly on tho fibre {aec p 781) oi pigments liold by lb 
(ultrBimarmo, cinnabar, ochre, Guinea green, oto ) ore moi'cly prociiiitaUu deposited meohau 
oally in the pores of the fibre. (3) The direct dyeing of cotton with subatantlvo dyes con- 
Slate in dissolution of the colouring salt in the coll juico, and tlio mojiced fostnoss against 
washing of these oolours on cotton is due to thdr slow diffusion with tho ]uloe (Mttllor- 
Jaoobs and Weber) (4) Dyeing of tannlu-mordanted cotton with basic or indigo oolours 
is a true meohamcal ooclnsion (5) Direct dyemg of wool and silk and otlioi animal fibres 
with baaio or acid oolouring matters is due partly to moolianioal absorption, and portly to 
ohemloal oombmation, of the oolfluilng matter by the fibre. (0) The dyeing of m(n‘danted 
ammol fibres is explained by the formation of insoluble lakes, paitly by the mordant fixed 
ohemically by the fibre, and portly by that fixed meohonloally wlthlu the fibre, but is never 
oansed by combination of the unchanged fibre with tho oolouring matter 

Pelet-Jollvet*B odloidal theory of dectrw contact^ baaed on Perrin’s law of oontoot deo- 
tnoity also finds support According to this theory the fibre in on alkaline bath is nega- 
tively charged and the basic colouring matter positively, neutralisation of the oharges resulb- 
mg M preoipitation (adsorption) of one colloid on the other (the colouring matter being 
assumed to bo ooUoidal) In dyeing with add dyestufEs, the fibre becomes posltiTely 
ohoTgod by addition of gold to the bath and adsorbs the negative add colouring matter 
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(lyod tissue should havo the colour of tho diy ooloiuing mutter, wheima it hoe tho same 
colour 08 tho disaolvod ooiounng mutter Nict/ki finds Lluit with certain liighly basic 
colours [eg , metliyl green), wool oannot of itself displace tho mineral acid of tho oolounog 
base, tho addition of ninmonia being necessary , while, with tho sojno ooiounng luattora tlio 
more markodly ncidio silk is dyed without any addition. 

An Interesting foot, whioh supports the olioinioal theory, is that tlie base of roaanllino 
IB oolourlosfl and becomes red (magoutn) only whon oouvorted into a salt witJi HCl , a 
similar oliouge is prodiiood if wool is iininccrBcd In a ooloiulcsa rosaniJin© (base) batli, tho 
wool being dyofl rod owing to the formation of a salt If tho dyoing is offootod directly 
by rosoiuline liydroohlondo, the bath ultimately oontains tho hydroolilono acid whioh is 
displaced by tho acid of tho wool fibre (Jaoquonun aiul Knoolit, 1888) 

Moreover Richard (1888), Vignon (1800), and Nictvki (1800) sJiowod tlmt silk and also 
wool ore aoLivo l>oth towards acids and towards bases, so that in Lhomioal oharaoters they 
aro comparable uitli the ammo aoifls Tho fibre may ovoii bo replaced by albumin, which 
IB dyed by tho same dyoatulTa os wool, oto. 

Aooordijig to W 8iii(la (J 007) tlio dyoing of wool is accompanied by hboitition of tlio base 
of tho dycstiilT which combi nos (or foniis salts) with tho textile libido, tho latter function 
ing 08 a polyhoBio acid m virtuo of its giioindyl and hnmoKolo groups Also Vignou showed 
that when wool and silk ai*o dyed with baaio oi acid oolombig matters lioat is developed, 
so that tho dyoing may be regarded as a true, oxothormio cliomioal roaotiou. Aoaording 
to Viguoii cotton IS not dyod directly by baaio oi ooid dyestuffs (whicli are usually salts) 
Biuoo it has not tho reactive force to decora pose thorn, but if it is previously oxidised or 
araluated, it fixes those dyestufTs partially with dovolopmont of boat Further, the differ 
onoe in fastness against hght of tho same oolonnng matter (c g , methylene Lino) fixed on 
cotton (with tamiln) and on wool or silk would appear to favoin tlio choiiiloal hypothosia of 
tho plionomonon of dyoing 

In 1881) 0 N Witt advanced a now thooiy, whioh oxpliiius also the dyeing of ootton 
with Bubstaiitivo and mordant dyoa Acooiduig to Witt, dyeing oonHiats merely of a 
solution of tlio ooiounng matter in tho fibre, analogous to that of solution of coloured 
motalllo oxides m glass, so that tlm coloiuing mattm possos from a liquid aolveiiL (dye 
bath) to a solid one — the fibre itaolf — ^just as ocours with alloys or lii tho extraction with 
otlior of a Bubstonoo flissolvod in another solvent In which it is loss solublo tlmn in other — 
Oflsurabig tliat tho two solvonta arc mutually jnsoluhle 

Dyeing on mordants is similarly expLaliiod oa duo to the boIvuiiL proportios of tho fibres 
for tho motallio salts, these then fixing tho enlouriiig mattoi from tho dyo bath Tho 
dycdiig of oobtoii with substantivo ilyostLifffl la I'ogarded os the roault of tho msrkotl Bolvont 
power of ootton (oolluloso) foi thoao dyes In supiiort of Ids tlioory, Witt oitoa tho fact 
that silk dyod with magonta gives U]) its colour to alooliol, which is a better sol vent for 
rac^enta than is silk, while if the cileoliol ia thou diluted with water, tho oolour ib again 
flx^ by tho silk 

To this olisei-vation Kuooht (1002) made the reply that, wth subEitantivo oolounng- 
matters lanuguuo and serloinlo acids form insoluhlo lakes, t c , true oompoundH, while with 
inogouta they form lakes soluble ui aloohol , it is therefore to bo Hupposod that the magonta 
oxtraoted by Witt with alcohol is hi reahty the soluble lalco formed by tho magenta with tho 
oompononta of tho fibre Rosonstiohl (1804), Reiaso (180(1), and GlUefc (1808), oftoi various 
quantitative dyoing teats, decided in favour of the ohoniioal hypothesis 

In 1804-1806 Qoorgiovios advanced a number of nrgumonta in favour of a purely 
raoohamoal theory of dyomg (lua prodeoessora of a century eoallor hoiug HoUot and Le 
Pllour d’Apllgny, and those of inoi-o reoent times Walter drum, Spolin, and Hwoaa) Com 
paring the latter with oooluBion of goaos by Bolicla or with the mwlionioal fixation of dyes 
on sand or on powdoi-od oharooal, oto , ho inointainod that colouring inattOTS fixed on fibres 
have tlie same properbios as those not so fixod, and that tlioro can heiioo bo no question 
of a ohomioal reaction [hiU see above, Kueolit*a experiment), smoe some dyostoffa fixed on 
fibres oau bo seporatocl by more subUmation, while in other oases (with methylene blue 
and indigo oormiuo) the oooffloieiit of distribution of the oolourfng- matter m the fibre and 
m the solution is oonsfcaut. Aooordlng to Krofift (1800), dyeing generally oonslsta in a 
deposition, on or in the fibre, of adhesive and le^taut ooiounng salts m the oolloldal 
state. 

Biltz (1006) has succeeded in produomg true dyeing phenomena by replacing tho textile 
fibre (ootton) by alumimum hydroxide or other hydroxides which behave os hydrogels 
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{see Vol I , p 100) towards the oolouniig matter, wluoJi is I'egardod os a colloid (beiizo 
purpuriBo and sulphur dyes) ITreiiudlioh and Losev (1007) have sliowu that carbon not 
only fixes oolounng matters but decomposes basic coloiimig niattors, fixuig tho coloured 
base in the coUoidal state and leaving the acid in solution, i\i the same way as happciiH 
with wool 01 Bilk Knooht has reoently (1000) found that the amount of oolourlng matter 
fixed by oharcool is related to the quantity of nitrogenous matter remoluiug in the ohorooal 
oven after Igmtaon, so that here a true ohemical reaction oooura , this mvestigator lias also 
shown that coloimDg matters oonnot be r^arded as colloids, since tlioy are electrolytes 
and dififuse through mombraneB 

In 1000 Di'oaper and Davis demonstrated that basic colouring-matters are fixed in 
constant quantity on oaloined sand, and m moreasod quantity if the dye solution ooiitalns 
sodium chloride. Rosenstiohl assumes that the phenomenon of dyeing is explainable by 
the cohesive force between the colouring matter and the textile fibre, tills force varying 
with the liquid or gaseous medium in which the dyeing takes place and dopoiicling on or 
being produced by the osmotic pressure of this medium 

According to Mfillor (1000) dyouig may be regarded as a phenomonun of ftd^orplton of 
the oolouiing mattei by the colloid, t the textile fibre There is honoo not uliemioal com- 
bination, but fixation under definite conditions (of moisture and teonporature) 

Moroonsed cotton fixes colouring matters better on oooouut of Its more morkocl colloidal 
oboraoter The process of fixation oi adsorption may also be reversible and aU the pheno- 
mena of direct dyeing de23ond on the relative coefficient of adsorption of tho colloid (fibre) 
for the oolounng matter Freundlloh and Losev and Polet Johvob attribute dyolng to 
ndsorphon^ because the fixation of the colouimg matter from solntlou by any textile fibi'e 

obeys the formula, ^ — K C ^ (where ^ denotes the ratio between the quantity of colour 

absorbed and the weight of the textile fibre, K and - are ooustanta, and O indicates the 

final oonoentratioD of the oolourmg matter), which also regulatos tho adsorption of gases 
by solid substances and that of various dissolved substances by animal charcoal It 
oaimot, however, bo domed that certain limited chemical processes also oorrospond with 
this formula, and that many phenomena accompanying dyotog ore most simply explamod 
ohemioally 

Indeed, W J Mflller and SlasBorski (1010), by means of experiments on the dyeing of 
BTtifioial silk, show that the absorbed oobur voxlos m quantity with the ohomlool properties 
of the cellulose (raw, oxyoellulose, hydrocoUulose) 

Every hypothesiB is supported by some experimental fact, and it would seem that, 
aooordlng to tho nature of the fibre, of the oolounug matter, and of tho dyeing procoas, 
the phenomenon is explainable either on purely physical or on purely oliemioal grounds, 
but more generally on both 

0 Weber (1801, 1890) and Qiiehni (1808) explain the vanous plionomona of dyeing 
in the foUowing way (1) Dyeing on mordanted cotton is duo to the formation of lakes 
between the oolourlag matter and the mordant precipitated moohonioolly on the cotton. 
(2) Azo-ooburlng matters formed directly on the fibre (sba p 781) or plf^onts hold by it 
(ultramaiine, omnabar, ochre, Guinea green, etc.) are merely precipitates deposited meohan- 
oolly in the pores of the fibre. (3) The direct dyolng of cotton with substantive dyes con- 
sists in dissolution of the oobunng salt m the cell juice, and the marked fastness against 
washing of these colours on cotton is due to then sbw diffusion with the ]iuce (Mtlllor 
Jacobs and Weber) (4) Dyemg of tanmn mordanted cotton with basic or indigo oolonis 
Is a true meohanical occlusion. (6) Direct dyemg of wool and silk and other gTiiTual fibres 
with basic or aoid oobxmng-matteara Is due partly to meohanical absorption, and partly to 
ohemioal combination, of the ooleurlng matter by the fibre. (6) The dyeing of mordarUei 
animal fibres is explamed by the formation of insolubb lakes, partly by tlio mordant fixed 
ohemioally by the fibre, and partly by that fixed meohamoally within the fibre, but is never 
oaused by combination of the unchanged fibre with the oolourlng matter. 

Pelet-Jolivet’s ooUoxddi ikeory of dectnc coniaott based on Perrin's law of oontaot eleo- 
tnoity also finds support Aocording to this thooiy the fibre m on alkahno bath la nega- 
tively ohorged and the baslo oolouimg matter positively, neutralisation of the ohaiges result- 
ing m preoipitation ( adsorption) of one colloid on the other (the oolouring matt^ being 
assumed to be colloidal) In dyemg with amd dyestuffs, the fibre becomes positiVQly 
charged by addition of add to the bath and adsorbs the negative aoid oolourmg matter 
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As regards the mofdarding of wool, it has boon shown tliat when this Is boiled, with 
inotaJhc salts, it fixes not oidy the basio pait bub also tJie aoid imrt of tlie salt (only of 
unstable salts, e g , sulpliato of Al, Cr, Cu, or Fe, and uot soduim sulphate or oJdonde) , 
the latter part is eliminated to some oxtout by water, but the baaio part is fixed more 
stably 



MACHINERY USED IN DYEING AND FINISHING TEXTILES 

The limits of tins treatise do not allow of tho inolusioii of a ooiuplote description of all 
the maohinory used lu woiks where toxtilo fibres 01*0 dyed and finished VVe shall hence 

ooufiuo oiiraolyos to illustratuig some of the prinoipal 
washing, dyeing, and dressing inoohnios 

WASHING AND PREPARATION At tho dye house, 
toxtilo fllirea arrive oitlior raw (cotton and wool in fiook) 
or combed (wool iii skoiiiB or or spun m skeins or on 
bobbins (wool, cotton, silk), or more commonly woven in 
pleooe 30 to 100 metres long ojid 00 to 140 om wide 
(woollen, cotton, silk, or mixed fabrics) 

Wool IS Bonietunes supplied free from its natural fat (dee 
p 806) but, whether os fabno or as yam, contains tlio fat or 
dressing used in weaving or spimung 

Cotton is still in the raw state, and, in order that tho 
coloumig matter may be fixed well it is subjeotod to energetic 
boiling imdor sliglit pressure with water and with soda. 
With either fiook or nkein cotton, this treatment is oarried 
out in. largo, olosod, iron or copper boilers (Fig 406), pro 
vidod with pinnps ni sboain-injcotorB for oiroiilatmg tho 
liquid, tho textile material not being moved as it might he 
damaged As a lule tho boiler is either evacuated or freed 
from air by a current of steam, since air damages tho fibre owing to formation of 
oxyoellnloae, and also gives dark lye , along with tlic uaustlo soda, vigorously frothing 
soap (from castor oil, foi example) is intro- 
duced. 

The waslung of cotton goods to lid thorn of 
the starch with whiuli the weft was ohorgod 
for weaving purposes was at one time carried 
out by boating thom with milk of Ibno, hut 
better results are obtained by heating with 
dilute oaustlo soda solution in an autoclave 
under steam pressure. Nowadays tho goods 
are often posset tlirough a lukewarm bath of 
dxamtiU or duMio/or (malt oxtraota noh in 
dlasbaao) and left in hoa^is overnight, tlio starch 
being thus transformed into soluble dextrin 
and maltose. Tlie lattoi products are removed 
by thorough nnslng in water tho inatoiial 
passes between tho two i^ollors A and B (Fig 
400) mto tho water, round tho roller Q, up 
between A and B, down again and so on until 
it reaohos the middle, wlioie it Is romovod, 
together with a similar piece introduced at tho 
other end of tho machino , the pieoes of 
matedsl are tied end to end and passed 
through this washer in a continuous length , an abundant supply of wftter enters the 
vessel at D and is drawn off through another pipe. 

When washed the goods aro soured with a solution of aulphurlo acid (0 6® BA), either 
cold or tepid (with the latter the action is very rapid, oven with more dilute oold) , the 
pieces may iSe tied togethei In cords and passed through this solution {ses Fig 400) Bleaoh- 
injg ifl then effected in a clear chloride of lime bath (0 6 to 0 76® B4) , this oocuples some 
hours in the oold, or, if the liquid is lukewarm, the material may bo passed oontinuouBly 
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tliroiigh it as before Then follows mising and treatment with antiublor (sodiinu 
bisulphite) 

SkoiUB of cotton yarn may also bo bleached with ohlorido of lime lu an appaiatiis with 
automatic oii*oulatinn of the liquid, as is shown in Fig 406, whiJu tlio niisuig may bo offooted 
m rotating inaohmoB (Fig 407), where each skein rotates on a wliuel and all the rooia lutato 
horizontally in a circulation vessel, 
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cotton may be bleached In the cold, without prohimnaiy boiling with alkali, by moans of 
sodium hypochlorite solution mixed with siilphorioinato , m this way, the strength of 
the fibre is retained better, w^hile tune is saved (Ger Pat 17fl,(J00 of 1IKM5) Cotton or 
cotton and wool fabnes may bo bleached by passing thorn rcpoatoilly uito a sodluiu 
permanganate bath (0 6 to 0 7 per cent, of the permanganate on the wciglit of flbro) until 

the hath la alinnst. flnnnlnnritvl and the fibre 
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sodium mtnte bath (0 0 to 0 7 per cent, on the fibre) and finally Into sulphurlo acid 
(4 per cent, on the fibre) 

Tho Washing of skeins of wool yam In a tepid bath (60° to 60°) is oaiTied out by passing 
the dtein foi a minute between two rolls (Fig 498), then twisting tho skein and ogam 
squeezing it Subsequent thorough washing with water — the veiel shown In Fig 497, 
for example — ^renders the ^em of wool ready for dyeing In all thffle operations and in 
those which follow, woollen yams are treated with greater care than cotton ones. It being 
neoessoiy to manipulate, press, and mb them as httle as possible and only*^ecy slowly, 
in order to avoid feltmg 

pleaching of washed woollen yams or fabrics' (wrung out uniformly by mrans of oentfi- 
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BLEACHING, WASHING 

fugos see p 560) by s^dphumig is offootod by Btretoliing tlioin out on rodn m tightly closed 
ohaiubors h\ winch sulphur hua boon provuously burnt In a oup situate lu an angle heated 
by a fiiriioco outeida Hero tlio wool la left 
ovoiriiglit, and m tJio morning tlie wiiulowa 
aro opened and tlie wool dried and duodo- 
riaod 111 the air Tho amount of Hid]-)hur 
burnt ifl 2 to 3 per coiit nii tho weight of 
tho wool, or loss if tho ohainbor is a Hinall 
one, and doRoionoy of air in nioiiitnincd ju 
ordoi to avoid subbiuntion of tho sulphur 
and its dopTSition as ii yollnw powdor in tins 
wool 

Bleaching with Hydrogen Peroxide, la 
oanioil out In tho cold or at a goiitio boat, 
and for whiUimi jiirn, parnJhn waxed 
woodoii vimsoIh, or, hotter, coiiiont troughs, 
aro used Woolloii oi silk falnioa aro 
wound Into a vesaol siimlar to tliat used 
for dyomg (see hXcr)^ oi, buLtor, on a 
jigger (sea ItU^) Tlio liath is proparetL Pin GUI 

by diluting oominoruial 10 to 12 vol 

HgOa with 8 Lo 10 tlmns ita volunio of watur, and roiidonng it slightly alkaline wnth amiuoma 
(/ifle Vol I , p 207) After iiso tho liatli is pruiorved by aoidilioation with Biilphuno acid. 




Pro 502 

Moro (xjonomlcul bloAcluug la obtained with sodiuin poroxule, which, liowovor, imiat bo 
usoil with great uautiou (we Vol ] i p R0^)i bettor roHults ai*e obtained with sodium 
poiborato (flea VnL I , p 005) in a hath uontaiiibig, say, 200 llti'os of wat-er, 000 gnna of 
Bulphiirlo ooid of 60'' ]i6 , and I 8 kiln nf ho ilium Hllloate at 40' Ih 



Washing of Woollen Fabrics is oaiTled out in varioua ways A number of tho piooea, 
tho two ends of oaoh being tied togothei, ai*o wound round in a trough fitted with a pau 
of proBHUre rollers, A and B (Pigs. 490, 600), and oontamlug hot soap and soda solution 
Beneath the rolls la a woodou channel. Of to oolloot the oxproased liquid, which for some 
tune IB allowed to run. book through r, but when dirty is run off outside. Thorough rmaing 
with water Is oamed out lu the aamo vosael It must be noted that almost all washing 
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and dyeing maohmery is fitted with arrangemonte for obtaining difioront volooities of tho 
moving parts, with, pipes for water and steam, etc 

Very heavy wooUen fabnos are more eaady washed at thoir full width in vesaols (Fig 501) 
similar to the preceding, but the lighter ones are most oonveiiiontly dealt with by joining 
the pieces end to eurl so as to form a single piece, which is treated in tho maoliino shown 
in Fig 602, and, lu diognunniatio section, in Fig 603 This is furnished witli three pairs 
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of rolls, A, B, and O, which press the pieces In thoir passage from one vessel to tho next, while 
a slow current of water entoEB at JZ and takes a zigzag course through tho succeeding vessels , 
a httle soap and soda solntion is gradually added m vesaols 1, 2, and 8, whioh ore heated by 
steam pipes, while the dirty water is discharged oontmuously from 8 

For me^ng oeirbain articles, woollens must bo subjected to Milling, whioli transforms 
them Into more or less close cloth. 

When tho pieces ore rolled up, moistened with soap solution, and tJion continually 

Qompreasod and iiibbed together, tho 
wool Is felted and cloth fnnncd in the 
course of a few hours. The milling 
moohuio in whioli this is ofiootod Is 
shown lu Figa. 604 and 606 Tho 
material la tiaught between the three 
wooden rollers, At B, and 0, whioh 
oompresB them and force them into 
the wooden channel, B 3, whore the 
pressure of tlie plate, R, maybe increased 
by tho apihig, A , the expressed liquid 
collects in the channel, B, and is at first 
returned but later discharged If any 
knots were formed they would stick at 
P and raise a spiing, T, thus stopping 
the dnvxng bolt. Witli oertaln heavy 
fabrics already soaked with oleine, 
imllmg IS carried out ivith addition of a httle soda solution, which saponifies the ololo 
acid. In some oases dilute sulphuno aeid is used, but better results ore apparently obtained 
with 1 per cent laotio acid solution, the wool then retaining greater lustre and elasticity 
(G Ito, Ger Pat 230,163 of 1010) 

Some fabnos whioh are required to take bright designs aTid & very smooth and shiny 
surface etc ) are freed from the down always aocompanying textile fibres — especially 
after washing, etc — by p assin g them, quite taut, quickly over a row of gas-jets (or over a 
sheet of heated copper or a strip of metal heated electrloally) which bum the hair on the 
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ftwe and eomoitimoa ou tlio rovorao of tho fabno too (tfets Eig 606, wliero fcLo goa jeta nm 
honzoQtolly from A and B) 

The removal of oottoa fibres or bits of vogotablo matter (wliioh would become moro 
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vegetable flbree are incinerated or carbonised and arc oliinimitod in tlu* milisoquciit Hounii^, 
whioh occupies an hour and is effected by moans of a largo quantity of walei in llu' pushing 
vessels already deaonbed (Figs. 400, ROD) 

As hfls been mentioned, woollen fabnas exhibit a teniltMicy U) felt and sin Ink, and tln'sc 



actions may become very pronounced duniig dyeing, when Uio nmloiJal jh kept moving 
m boiling baths for two or three hours In order to avoid those ehangi's, which likewise 
often spoil the design, the fabno is subjected to fixing, wliioii eonslsts In healing 11 in a 
stretch^ condition ui vigorously bolhng water, % c , at a ti'inpeiutiui' ratluT higher than 
any it will expenenoe In subsequent oiwrations , stalding of the llhi-oH m tins way eniwori 
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loM of theu alaatioi^ and power of oontraotlou, and the fabric Bbrlnks Iona Uurinu: 
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owing to tho more ready and more Intense fljcation of the dye on the ports subieoted to 
the most prolongod notion of the boiling water Enoli roll may oontoin from 100 to 300 
metres of fahno, which is fixed in about an lioiir 

Certain heavy woollens with a satin surfooe (and also mixed wool and ootton goods— 
wnto/w— or ootton goods with a satin foundation) ore fixed, and at the same time furnished 



With a lustre whioli persists even after 
dyeing, so oalled craibbvng The 
mooiiine m which this is earned out 
ooiiBiats essentially of two or three pairs 
of superposed heavy rolls of solid Iron 
(P^gs COD, CIO) One bolf of the lower 
roll of each pair dips into a long narrow 
vessel of water Icept boiling by direct 
steam The stretched, smooth cloth is 
wound 111 compaot rolls on the lower 
mil, and is then allowed to revolve for 
3U to 40 minutes in the boiling water, 
being pi-easod by the upper roll, which 
revolves freely and eon be weighted 
by moans of levers The fabno then 
passes to the lower roller of the adjacent 
vessel and so on 
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DYEING Cotton and wool In flock 


wore at one time dyed by IminerBiag 
thoiu In cloth or not — in open wooden vessels containing the hot dye-bath Use was 
oftorworda mado of mpolmiiloal appnratiiB similar to that shown hi Fig 406, where the 
matailal I'omalna stationary on a false hottorii, below wIiIlIi the liquid is drawn off and 
piimpod to the top 

It was, howevor, often foiuul that the liquid did not pass uniformly through the whole 
of tho flbro but wont moro cosily througlx tliat winch was least compressed and which 
oontaiiKMl channola, thus producing Irregular dyeing Almost umveraal use is now made of 
meolianiool apiiamtiia similar to tho above, but 
with tho flbro higbly nompitwsed (flee Fig Cl 1) 
lu this oaso tho pump, which must be more 
IKiworful, causes oomploto pcuotiution of tho 
liquid, and much hotter reaulfa are obtained 
Kkelns of yarn can also bo dyod In this appa 
ratus when thi'y are well compreflsod Aftei 
tho diBohorgcof tho dyu batli(kcirt, if required, 
for a Biibsequoiit opeiaLlnn), tJio dyed fibre 
may be woshiHl in the same vessol 

To dyo oomhwl wool wound on to 
bobbins by suitable machines (Fig 612), veiy 
gonorol use Is mode of Obonnaior meobanioal 
apparatus of tlio revolver typo in which tlie 
Dobbins oro arranged in os many horizontal, 
oyliudrlual oases fitting into a vortical cylinder 
obsed at tho top and eommunloating bolow 
with the plpo of a pump, which it flte exactly 
(Fig 613), tho mode of action Is shown clearly 
by the figure, A mon^ slmplo apparatus which oarrics larger charges and is largely used 
also for yam on bobbins witli crossed thread, is that of Halb shown m Fig 514, where 
may be seen tho false bottom supporting the bobbins, the pump for oiroulatlng the dye 
solution and tho perforated cover pressed down by vertical screws In these meohanlool 
apparatus it is always possible to reverse the sense m which the liquid obroulates, homo 
goneous dyeing being thus more easily obtamed. 

With skdiiB of spun fibre, various methods of dyeing are in use In the old method, still 
largely used, the skeins are threaded on smooth round atioks so that one half of the skein 
la immersed in tho dyo- bath, the skeins being turned or mveirted on the stick from time 
to time by hand {aee Fig 615), The form of the wooden vessel is now simpler, as is seen 
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from Figs 510 and 517, sliowing tho perforated falao bottom bdow wbioh ore the direct or 
indiroot steam pipes for lioatmg tbe batli, and tho perfoiatod wall, P, ontaido of wliloh tho 
colour is gradually added ao that it may not ooine into Immodiato oonlact with tho neigh 
boiiring akeina 

A mecbanioai apparatus for dyeing skeuis is sliowu in Fig 518 Tlio skuins are threaded 
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on rods whioh or© rotated by toothed wheels, while tho whole frame oan be raised from or 
lowered into tho bath by a toothed rack. ^tiU bettor is tho Klaudor-Woldou revolving 
apparatus shown m Figs 619 and 620 on a large bronzo wheel, one half of which dips 
into a tiough while the other half is oovered, ore dxod axial and peripheral rods, whioh 
keep the skeins taut The wheel revolves dowly m tlie dye bath, and tho pegs, 6, at tho ends 
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of the peripheral rods knock against an iron striker indde the trough, ao that the rods 
revolve slightly each time , henoe the akeina threaded on them ore moved a few oenti 
metres. Two workmen suffloe for the oharglng BJid disoharging of 100 to 200 kilos of wool 
or ootton, while during the dyeing one man oan look after three or four of theso maohmea, 
adding the neoeasary colour now and then by means of the oopper funnel A 

The steam for heating the bath reaches the bottom of the trough by the tube d At a 
13 an automatio mdioator which shows when any partioular penpherol rod does not turn 
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DYEING YARN ON BOBBINS 

owing to tho akoui buing oaiight The rapidity of revolution may be altered, but, os a rule, 
the movement is slow in order that the wool may not be felted 

In reoont years a happy solution has been found to the problem of dyeing cotton or 

woollen yam while etiU wound on the tubes of the 
spiniuiig inaolune as spools or cops, thus avoiding the 
winduig mto skeins and preserving the fibre better At 
first the perforated tutwa of the bobbuis wore Inserted 
ill drums which rotated m the bath and from tho interior 
of which tlie oir or hquid was pumped, the bath being 
houoo oiroulated fiom the interior to tho oxtenor of every 
bobbin and vice versa (Figs 621, 622) There ore vonous 
otlior arrangomciita, but roceutly a good reception has 
lioon everywhere accorded to an apparatus devised by 
De Keiiltekeres of Bruaaelfl- This compreases the skeins 
nr bobbins iii a square mon or copper case on to a per- 
forated false bottom, while, before tho ease is oovorod 
with a poidoratod metal plate, the yam is covered with 
Bca sand, wluoh la forced mto all the pores of tho moss 
not occupied by fibre by moans of a water jot Tho cover is then fitted and screwed tight, 
and tho bath oiroulated through tlio mass of yam by moans of a pump capable of 
developing oonsidorablQ proasuro , tho hqmd may olroulato from bottom to top and v\ct 
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versa and, finding no ohannola open, is obliged to traverse tlio flbi-e imiformly When the 
dyeing is finished, it suffloea to place tlio bobbins In a perforated basket and to shake this in 
a vessel of water to separate tho whole of tho sand, which oolloota at tlio bottom of the vessel 

and onn be uaod ogam* 

For dyeing skahis of ootton wltli 
Turkey red, which is the fastest red for 
ootton, tho latter must be proparod and 
mordanted. It is not bleached with 
chlorine but is boiled with a oaustlc 
soda solution (0 76° BA) under pressure 
(2 atmos ) for 4 to 6 hours When 
washed, the skeins of ootton are passed 
repeatedly Into a bath of neutralised 
ammoTiiiun sulphoriolnato (20 kilos of 60 
per cent strength per 100 litres of water, 
see p 390) , thia operation is I'eadily done with a suitable maohino (Fig 623), whloJi is 
fitted with ingenious oontnvanoes for pressing, wringing, untwisting, and immersing the 
skeins in the sulphoiioinate bath repeatedly and automatloally When thoroughly soaked, 
the skelnB are dned at 60° to 60°, then steamed under an excess pressure of 0 6 atmos. m 
on autoclave for an hour, and afterwards passed into the mordanting bath, oonristlng of a 

64 — 2 
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bamo alummliun sulphate solution (7° ) at 46° (^vdth on ii'oii monlauL, a violet colour 

]fl obtained instead of red , with one of tin an oranj^o oolour, and with one of uhromiuiii a 
reddish brown colour, but these mordants ore luroly uhikI in imiot oo) , tlu' 3 ' huIm* 
quently dried at 45° 

Use IS often made next of a tepid bath oonsistiiig oithor of a little oluillc huhihuuIihI in 
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water or of sodium arsenate, to remove any Buiphoiiuliiato not aiably il\o(h and hcMico to 
give subsequently a brighter oolour After this propaiutlon, tlio Hlcoiim art' ])a«Hcd intti the 
dye bath (10 to 15 per cent of alizarin paste, oalouJatod on the wolglit of cottun) ountaiiicd 
in wooden vats and heated by tinned copper steam coils , the toiuxioiaturo is first kepf at 
25° for an hour and is then raised m 30 minutes to 65° to 70°, tlio goods being manipulated 
for on hour The dyed skems are dried and ore often liitroduoofl, without waHlinig, into a 
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second aulpbonomate bath, being then steamed for an hour in an autooJavo at 1 atmos* , 
the oolour is not very bright but is mode so by Immeising the inatoriol foi Jialf an houi 
in a 0 6 per cent soap solution heated under sli^t preasuro (0 5 to 0 26 atmos.) Thoi-ougli 
washing with water is foUowed by drying at a gentle heat, Althougli Turkey red la removed 
to a small extent if the matensl is scoured with a white fabiio, yet it is the fastest red 
against washing and light now prepared on cotton, Kornfeld (1910) regards the fastness 
of Turkey red os due, not to the constitution of alizarin, but rather to the formation of a 
highly resistant double salt of olumimum oleate and the oalolum salt of alizarin, and fltlJl 
more to the polymensatlon of the fatty acid molecules under the action of steam 
According to a patent by Zomfeld, Turkey red dyeing may be earned out in the usual 
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meolianioal apparatuB with uiroulntion of the batlii the olizann being rendered soluble by 
means of suorate of llnio. 

Cotton Fabrics ore aomotxines dyed iu ropes with vossola aimJnr to those used for wool 
{see laier), but moro iiHunlly in the bo onlled mfger (Fig 524), wbioh is a rather shallow 
woodoii trough provided witli two outaido rollers worked alternately by gearing so as to 
wmd or unwind tho pioei« , the latter are sewn end to end and are kept quite taut, 
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and pass below two small roUora oloso to the bottom of tlio tiongh Tho dyo solution in 
the bath may ho heated at will by diroot or mdireot Bteean 

The Jigger iq. often used also for dyeing wwotw, % c., fabrics oompoaod of cotton warp and 
wool w^, siuoe these do not oooldo or wrinkle, as all-wool goods would do, when passed 
under tousion from one roll to auothoi' 

Woollens ore usually dyed in wooden vessels provided with one oi two reels whloh 
raise tho goods In ropes from the front part of the vessel and drop them into the bath, 
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the inolmod wall at the back forcing them In folds on to the bottom of the vessel Itself 
(Figs 625, 620) 

In some oases the velocity of rotation of the reels oan be vaned at will, being aooelerated 
at the moment when the oolour is mtroduood into the perforated oompaitment whloh 
admiia of its gradual passage mto the whole of tho bath. The perforated steam pipe 
also passes into the bottom of thip oompartment and is so on anged that the steam does not 
strike against the pieces, as this would result in irregnlai dyeing Tho velooity of the reel 
must not be too high (20 to 60 om per seoond), as otherwise the wool would felt and the 
bath oool too rapidly When the pieoes are introduced into the vessel, one end is thrown 
over the reel and then stltohed with twine to the other end (see Fig 626) In some oases 
the matenalfl (e,g , oashmeres) are twisted, by the movement in the trough, into very thin 
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oordfl, into which penetration of the colouring matter la difficult and Irregular , in order 
to avoid these diflodvantogcs, such fabnos are first folded in two lengthwise and tho solvodgos 
then stitolied together 

During the dyomg operation, the dyer outs off small soniplea of tho fabric from time to 
time, washes them, dries them in a warm towel and oompores them with a spooimon, so 
that fresh addition of colour may bo made wliero necessary 8uoh fresh colour is dissolved 
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apajrb m a wooden buokeb m a few litres of the hot dye bath, tho solution being always 
passed through a vary fine ban sieve to remove granules of uudlssolved dye, whioli would 
spot the material , the steam cook is closed while the new dye Is bemg gradually added 
The dyeing of woollen fabnos is oommenoed with a ba^ of topid w^ter (40° to 60°) 
with the Edition of 10 to 16 per cent of orystaUised sodium sulphate and 2 3 per cent, of 
oonoeutrated H1SO4 (or 6 to 6 per oenh of sodium bisulphate) (these proportions referring to 
the weight of the fibre) The oolounng matter (a few grama for polo colours and os much 
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as 6 kilos of black per 100 kilos of material) is added in several portions at the begtoning of 
the operation, the goods bemg slowly moved meanwhile In the course of an hour the bath 
IS brought to boiling and this may last one or two hours before the dyeing is complete* 
Finally the steam tap is shut and goods discharged into a veesel of cold water 

After being rmsed and folded roughly by hand they ore left to dnp on beams for some 
tune, a further part of their water being removed by two or three minutes’ centrifuging (see 
p 666) The goods ore then ready to be dried in the apparatus desonbed later 

When very dehoate wool or wool and silk fabnos (with gathers and embroidery) are 
to be dyed, they ore Bometunes wound oanoentneaUy on hooks fitted to a frame such as 
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that shown in Fig 527 In tliw oofle tlio fiaine is only inovcwl now and then, so that tlio 
fabric may not ho injnicd. 

Textile Fibres in Flock aro clncd m a sonos of Buporirasod oliainbors with perforated 
boaea on which the moist, coutrJfugod Hbro is spi’oatl (Fig 528, I ) At II is aeon a oouutor- 
poiflod elevatoi on which is plaood tho oluu-god oliainbor i-iMuly tD be introduoEd into its 
position ui the serlw in place of oiio containing fibre alroa<ly dnetl Tho ojr used for tlio 
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drying Is forced In by tho fan, A , and is healed in tho tubidai steam lioater, B Tho lower 
chambers are dned first, and wlien those are disoliai’god, tho roinainiug ones are lowered 
automatioahy and fresh ones lutroduood at tlio top Yarn or bobbins or spindles can also 
be dried In tliceo ohanibors 

Skeins of yaiTi may bo dried by tliroading them, after centrifuging, on rods and fbemg 
these horizontally in frauios in a olianibor hoatod by brauohcd stoain pipes on its base , 
the moist air issues £1*001 vent liolos fitted to tlie ceding In some oases tho yam is dried 
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in hot obamlers, tho slcehia being stretched over I'ovolving reels furnished with eont al 
steam pipes, as la shown in Fig 529 

Good ro^ts are also obtained with the oontinuoua drying mooLino, In which the skeins 
ore placed on rods, eto , ooarled by ohoins moving in a diying ohainbor (Fig 630) supplied 
at A with hot, dry air The dry yam issues oontinuoualy at Z, while tho moist air finds 
an outlet at B 

Fahrios as they come from the oentnfuge ore usually dried by passing them, well 
stretched, over a battery of seven or nine copper drums, F (Fig 631) These ore all moved 
regularly by gearing, lie rate being regulated by means of tlie large disc, B, whioh Is 
actuated at a point more or less distant from its centre by the frlotiou roller, 0 , the 
latter is turned by the pulley A, ]omed by belting to the general systom of power trans- 
miBsiom 

The dned fabrics ore then examined throughout their entire length and breadth before 
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a well liglitod vbidow ui order to aaccrtoui if there are any dcfoole In dyolny ot otherwiao, 
BO that tlieao may be roinedied. before dresamg 

Dressing of Fabrics is effected by impregnating them with solution of gum> bone glue, 
Btaroh, etc The fabno is poasod beneath 
a roller dippmg into a yessel containing 
the solution, and is then pressed by a 
second roller Bnpeiposed to the first m a 
kind of foulard like that shown m Fig 532 , 
the vessel may have the seotion shown in 
Fig 633 Tho gummed fabnos are sub 
jectod to ineohauioal treatment varying ^ 
oooording to the type req^uiretL Dressing 







Fjo 620 


B 1 

Fid 530 


iQoreases the atrcjigth and weight of the tisBue, whioli is next dried and at tho seino time 
pulled out botli lengthwise and breadthwise ui order to bnng It back os nearly as poBslblo 
to the dunoiiBlonB it poBsessed before dyeing This la offeotod by niGaus of tJio bo- 
oallod ieidenng fra^ne, into whicli tlie tissue passoa, fixed laterally by tlio solvedgoa on two 
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on tto Vocal stories in oidor to savo length Fig 530 gives a bolter view of the frame in 
outlJuo the giunmod, ooiitnfngcd, and folded olotli lies ready on tlio two benohos, B , the 
air IB heated at T and the fan, V, forces the hot air mto tho long ohoinbor, B , the cloth 
enters at B and Issiios at U 

Milled fahnoB and certain othors which are required to present a Iiairy surface are 
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passed to tho bo called gigs (Fig 637), oonsiatuLg of one or more large drame carrying 

numbers of metolllo points or Btiinga of tho spiny capsular hcada of Dxpaacus fullonum 
(10 to 20 cm in length, Fig 638) on spindles Tho drums or spuidlos rovolve so that the 
points just touch tho stretoliod siu'faco of tlio cloth and draw from it fairly long hairs, 
wluoh arc thou rondorotl milfonn by i^iasaing tho dry cloth to tho cutting and brushing 
maohinoe furnished with oyhnclrioal linialioB and with drums fitted witli cutting edgM 
arranged helically (see Fig 6S0) , tho first hi'ush, j 4, raises tho hair, tlio Gutter, outs or 
crops it off uniformly, and the socoiid hruah, 0, seta it regularly all m the some direotloiL 
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A similar operation is carried out with velvets, which aro, however, woven Bpooially, 
and often in two superposed pieces attached by a largo number of fibres, which aro then 
out exactly in two so as to give two separate pieces each with a hairy faco. 

When the fabrics are required to have a very smooth, shiny suifaoo, they aro passed 
after gumioing to the so oall^ calenders A common type of tho latter for wool and umons, 
whloh require but httle pressure, is that shown in Fig 540 tho cloth is seized by the 
selvedges by two discs fitted with bands, A (called a palmer), which enlarge the cloth to 
the required size and then pass It on to a ooUtlnuous felt, C, whioh transfors it m a well- 
stretched and compressed condition on to a copper drum, B, heated by steam under shght 
pressure For cotton or cotton and silk fabrics, use Is made of oalenders with several 
supeqiosed and heated oyUnders to whloh pressure may be Imparted by means of suitable 
levers (Fig 541) in such a way as to exert a kind of friction on the oloth passing from one 
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oyUader to the other When a very high finish la required on oertam saitn fabnos of oottou, 
they are passed between two massive steel oylmders whioh are under very liigh prossuxe 
(hydraulio) and one of whioh Is fluted with very fine stnations (as many as 10 to 25 per 
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millim etre, as suggested by Soliremer) , those leave their stable imprint on the fabrio 
bke BO many minute, shining oylmders like silk fl.broa, which reflect light under any angle , 
this finish is known os atlk finish (or Bchromer finish) Pimilar oalondera are used for 
obtaining special watered efieots {iTiovri) 
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On woollen fabnos oalondera generally produce a so colled false finish like that of a 
bright sheet of metal Tins is not regarded os desirable by the merohonts, and, further, 
such a finish will show rom-dropa, even after drying In order to avoid this inconvonionoo 
and the better to fix the material in both directions, so that it will not shrink when worn, 
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lb IS subjected to so called sUaming, t a, to the action of steam under a pressure of 2 to 3 
atmoB (some colours will not withstand this operation) The fabno is well stretched and 
' wound, together with a cloth, round a perforated cylinder , the roll of two or three piftoefl 
thus obtaaned is wrapped m cloth fastened by strings, the cylinder being then fixed verti- 
cally on a steam-cook (I^ 642) The steam, under pressure, is obliged to traverse the 
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wliole of tlio roll of fabric, ojid wlion ifc ifisiiee ui a cloiiso aloud (after a few iniuuios) the 
operation la at an end , the roll la then roniovod, but is allowed to oool without unrolling, 
811100 in tliat way it aoqulroa a better and more rosiatant hiatre Tho latter is also found to 
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bo improved by oanying out the atoaming In a voounm, tho rolls O H (Fig 648) being intro- 
duoed Into a kind of horizontal jacketed autoolavo, provioualy heated by passing abeam 
through tlio jacket , when the cover L has been tightly oloaod, tho autoclave la ovaouated 
by passing steam into it and oandonsiug the stoain by a water-spray in the oylindrlool 
shainbor, W, whlcli oommuiuoates with the autoclave by moans of the tap, After this 
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he steam is passed through tho roll of fabiio, either from tho Inside to the outside or mce 
eraa, by fixing the roll m a suitable manner to the steewn-oook. 

Od the vonoufl other operations oomprifled in tho fin is h ing of fabrioa, only that of press- 
ng between hot card need be referred to , this gives lustre to cloths which are not subjected 
lO steaming and in general Imparts a very soft, pleasant feel, more particularly to the^ner 
voollens 

In this operation, which la the last of Importance, the best effect la obtained when 
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10 to 16 per oont of moisture is preseiifc, bo that fabrios which arc Luo diy oro troatod 
first with a Blight steam jot, being moonwhilo wrapped on drums in largo rolls , after some 
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houTB these rolls are unwound and the fabno arranged m I'egnlar folds, botwoon each 
adjacent pair of which is inserted a pieoe of hot, smooth card Tlic whole is tliou loft 
uhder pressure in a hydraulic piess (Iflg 644) for 10 to 12 hours In order to obtain uniform 
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heating while the pressure is being exerted, presses are now used with double pillaa-s in which 
steam orroulates (Fig 646) , also the pillars are sometunes heated eleotnoally 

For the folding or rolling of fabrics, and also for measuring, simple and rapid maohinea 
have been devised 

For the Mercerisabon of cotton yam m hanks (sse p 808) a moohlne Buoh as that shown 
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m 546 IB used. The umformly moist skeliiB, as they oomo from tho oentrlfuge, are 
Btretohed In a thin layer between the two oylmdora, A and the distanoe betwoen whlcli 
oan be increased so that the skeuis aro oonsiderably stretched. 

Then, when the lolleTS are rorolvuig, a lever is operated to raise tho 
iron veesel, C, oontahung oold oaustio soda solution of 26° to 30° 

B4., one half of each oylmder dippmg into tho soda. At tho end 
of a few mmutea the imbibition la complete, the soda solution is 
drawn o£E into a tank provided with a pump, while a oopioiia 
supply of water is sprayed on to the ^eins, which are pressed by 
the roller, B When washing is complete, the tension is rehovod 
and the skein removed. 

There ore also other maolunes for moroensing fabrics, those 
being’ kept strotohed by oontrivanoes similar to those used in tho 
tentenng frame {see Pig 534), while the oaustio soda is removod 
from the fabrics by means of suotion pumps The fabno is thou 
washed with a little hot water so os to give a modorately strong 
solution of oaustio soda, which may be used to dissolve solid 547 

oaustio soda or may with advantage be oonoentrated In multiple 

eifet evaporators (aes VoL I , p 667) The oaustio soda os removed oomploholy from tho 
fabno by thorough washing m oold water, then m a slightly ooid bath and finally In water 
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The Printing of teiddles, as indicated on p 831, Is carried out by proasing, with a 
rubber loLLer, A (Fig 647), the fabric or yarn against a copper oyluidor, if, on which the 



design is engraved. The copper cylinder rooeives tho ^laaty 
oobur from a roller, i, dipping mto the vossol, 0 , oonte^ng 
the thiokoned colour solution, a blade, i), then scraping away 
the excess of colour so that only tho hollows of tho design 
remained filled. Between tho rubber cylinder and the fabno, 
7^, to be prmted runs a oontinuous l^nd, J?, which Is kept 
taut by the contrivance, 7 The arrangement used, with the 
adjacent drying chamber, 0, is shown m Fig 648 the vessel 
of colourmg matter is at cd, and the fabric is unwound from 
g together with the aooompanymg cloth A, and the oontinuous 
pressure oloth \ , the dyed and diy fabric is ooUeoted In folds 
at I, while the cloth h is rewound at f , and i returns constantly 
to the prmting cylinder When several colours ore to be 


prmted on one and the same fabno, a number of rolls and colour 
vessels are required, as is shown diagrammatioally in Fig 649 


Fig 650 shows a complex machine for the prmtmg of textiles m twelve ookmrs at once , 


highly skilled workmen ore required to regulate its working with accuracy* 
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^dopment of thiB colour ib obtained m an oxidation chamber (Fig 664) In the ooae of 
Tit the method of contiuuouB drying illuBtratod in Fig 690 gives good roeultfii but 'with 
riofl use ib generally made of a chamber with revolving rollers, where the fabric traverses 
wly a very long path and ifisues completely blaok , a hood is arranged to carry oS aoLd 
oouis Of great importance la this operation Is the regulation oC the temperature of 
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the draught and of fclio ve.ooity witJi wluoli the fahilo paassa through the ohainbor Uii- 
oxpeotod stoppagos are dangerous, ns thoy may lend to ootromon of tho fabric or alteration 
of the colour 

To polish and soften silk, tho ukoinB mx) strolohod, twisted, and rubbed ropoatodly on a 
smooth rod fixed in the wall Bub nowadays this is done by inachuiea 5^), wluoli not 
autoniatloally and give a largo output 


DD. PROTEINS OR ALBUMINOIDS 

Tlioae aie fiuidamental products in tho formation and constitution ol 
animal and vegetable oigamsms The piotoplasm of vegetablo and animal 
colls, whicli iR the oiigm of the motabolio proceRsea and hence of tho life of the 
oigonism, consists of protein substances, winch are also indispensable components 
of foodstuffe 

‘Fiom a physiological pomt of view they are therefore of tho utmost sig- 
mficanco, but their ohemioal nature is very complex and is still little undertrLood, 
although the investigations of Emil Fischer and a number of able coUaboiators 
durmg the past thirty years have to some extent jDieroed the veil suiToundxng 
this most important group of organic compounds, which had been previously 
studied, as regards some of their more superfioial characters, by Ritthauaen, 
Hoppe-Soyler, Hammoxsten, Neumeister, Pflliger, Hedin, Kllstor, Neucla and 
Sieber, etc 

Tho uumerouB substanoes comprised in this group are all composed of 
C, H, 0, N, and S, Avith, m a few cases, P , tlieir percentage compositions 
vary between the following limits 0, 50 to 66 , H, 6 9 to 7 3 , 0, 19 to 24 , 
N, 16 to 19 , S, 0 3 to 2 4 The heat of combustion of 1 grm of piotom 
Bubstanoes vaiios from about 6000 to 0000 calories 

Tho proteins liave lugh refraotive mdioeB, Their solutions are Irovo-iotatory, 
tho speoiflo lotation varying with the concentration and with tho salt content , 
protem ions have higher rotations than tlio neutral pioteius 

The molooulor magnitudes of these substanoos cannot bo established with 
certamty, smee it is not easy to isolate single individuals, only very few of them 
crystaJliso, none are transformable into vapoui, and m no case are true solutions 
obtamable capable of cryoHoopio or ebulhoscopio mooHuromaut , their solutions 
ai’6 colloidal Direct or mdirect attempts to deterramo then moleculoi weights 
have given numbers varying from 10,000 to 30,(M)() 

Both the Hulpliui and the nitrogen oooiir in two groupings, being partly 
Lomoved by hot potash and partly more stably combing 

Absolute alcohol coagidates piotoins and precipitates them to some 
iegree imohangod fiom thenr aqueous solutions They aio also piooipitatod 
iindtered by solutions of sodium ohlorido, mugnoaium sulphate or ammonium 
mlphate of difieront concentrations, which ore oharaoteristio of tho vanoua 
iroteins 

Proteins ore coagulated and precipitated from tlieir aq[ueous solutions 
ly small quantities of mmoral acids (nitrio aoid may be m excess) They have 
i feeble aoid oharacter and form salts as insoluble preoqntates with metallic 
lalts, e g . , ferric chlonde, acidified merourio chloride, ooppei sulphate, etc , 
md they dissolve small amoimts of freshly precipitated ferric hydroxide. From 
hose metalhc precipitates proteins are liberated m a changed form 
Less pronotincea is their basic ohEiracter (like the ammo-aoids, they behave 
IB both acids and bases at the same tune), although egg-alburmn is completely^ 
ireoipitat^ by weak acids, snob as tannm, phosphotungstic aoid, and picrxo 
icid 

Aqueous solutions of the proteins are coagulated on heating to djiSexent 
iharaoteristic temperatures, and the coagulate proteins dissolve only m an 
ixcess of aoid or alkali m the hot, their constitution being modified thereby 

VOL. u. 



858 


ORGANIC CHEMISTRY 


and H2S and NH3 somctimeB evolved with alkalis they fonii albiuninatesj 
and with acids Aicd-Albumms {syidonms, see p 862), both insoluble in water 
and repiecipitablo by neutralisation By the piotraoted action of these two 
reagents (Hydrolysis, see below) or by the action of panoreatio juice, which con- 
tains Tryptase {see p 134), they yield various ammo- or dianuno-aoids glyooooU, 
alanine, phenylalarune, aspartic acid, glutanmuo acid, louome (m abundance), 
pyrrohdinecarboxyhc acids, tyrosme, serme, tnonunotnhydioxydodecanoic acid, 
j8-mdoleacetic acid, arginine, lysine, ormthme, tryptophane, cystme (sulpliiir 
compound), etc , all of them optically active with the excejition of glycocoU 
When a piece of boiled egg-albumm is heated at 37° with gastric juice, it rapidly 
dissolves with formation of Peptones and Albumoses, The peptones, pasBing 
mto the intestmes, imdergo further hydrolysis, and os final pioducts yield 
anuno-aGida The complete hydiolysis of the alb umin may be efieoted more 
rapidly by means of a concentrated acid (e g , HCl), which gives ommo-acids 
and also ammonia By putrefaction vanous other substances arc formed 
Ptomaines, such as oadavenne {see p 267), putreseme or tetramethylenediammo, 
etc , glucoaamme, methylamme, ammonia, /S-mdoloacetio acid, phenylacetic 
acid, carbomc acid, hydrogen sulphide, formic to oaproic acids, partly of normal 
structure and partly optically active (valeno and caproio) etc , mdole, skatole, 
phenol, cresol, mercaptan, methane, , all of these bemg oxidation or reduction 
products of the ongmal compounds obtamed The action of patliogenio baoteiia 
on proteins yields poisonous substances, the Toxalbumlns, which are similar m 
composition to the protems and lose their toxicity when their aqueous solutions 
Eire heated 

The foUowmg reactwria axe oharaoteristio of the protems 

Protem solutions give a violet coloration (hke biuret) with alkah and a few 
drops of 2 per cent copper sulphate solution {biuret reaction) 

With nitric acid m the hot and even m excess a yeUow precipitate is foimed 
{xantho^tein reaction) 

With MiUon’s reagent {see p 828) a red coagulum is formed on boihng 

The degradation or hydrolysis of piotems, when it is complete and takes 
account of all the more or less complex groups composmg the protem molecule, 
will permit of an attempt, with probability of fluccess, to synthesise these sub- 
stances completely Such more or leas giodual decompositions are attamed 
by protracted heatmg (for difierelat tunes with difioient proteins and in some 
oases for 200 hours) m an autoclave, or by means of soda or baryta (Sohlitzen- 
berger), or, better, 26 per cent solutions of hvdroohlono or sulphuno acid 
Even under these conditions, however, somd of the mtermediate compoimds 
cannot be detected, the hydrolysis bemg m maiy oases too rapid Hugounenq 
and Morel (International Congress of Applied dhemistry, London, 1909) have 
obtamed a somewhat more gradual hydrolysis by using 16 to 26 per cent, 
hydrofluono acid solutions and heating for 100 to 160 hours Interesting results 
were obtamed by N Zelmslcy (1912) with formic aoid (1 to 30 per cent ), beat at 
a high temperature and preaeure 

The separation of the numerous ammo-acids resultmg from the hydrolysis 
of the proteins constitutes a difficult problem, which has recently been solved 
by E Kschei for the ammo-aendfl and by Kossel for the diammo-aoids Eisoher 
subjects the esters of the ammo-acads to fractional distillation vn vaouo and 
thus determines their separate amounts 

It is thought that the ammo-acids occur m the proteins m a condensed 
form similar to Glycylglycme, NHj CHg CO NH CHa OOjH Indeed, 
Eischer was able to synthesise the ao-oalled Pol ypeptldes, which contain such 
groups and m many respects resemble the natural peptones derived from proteins 
{see later ) , the esters of the anuno-acids readily give up alcohol undergo 
ketomo condensation to polyanhydxidea, and these, under the ififiuenoe of 
aJkaJi, take up a molecule of water, givmg the peptides j 
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2 NH 2 CHa GOaC2HB=-2C'.HB 0IT + N1I<^° (luicl this -[- HgO) 

IftliylglyooGoll Doiihlo Auliydrldu or DJkotopiporaxliu 

NHa CHa CO NH GHg COgH 

Dlinptlilo or Glyoylglyuliio 

By ohloiuxating tlie carboxyl of the dipepfcido with PClg m acetyl chloride 
solution, a second moleoiilo of ethylglycocoll may be caused to react with 
formation of a tnpoptide, and so on, h^her polypeptides similar to the natural 
ones being ultnnntely obtained, 

X CO Cl + Nila CHa 00^ Oallg^irCl + X CO NH 
OIL 00a 

tlieae polweptides aio coin2)l(5toly hydrolysed by hot concentrated HOI, are 
digested by tryptaso, witlifftand cold alkali, ore soluble m water and msoluble 
m alcohol, and give the reactions of the protoinB {see below) These syntheses, 
which represent the first small step towards the synthesis of the proteins, give 
an idea of ilie enormous difficulties to be overcome before the natural proteins 
can be leconstructed Indeed, smee the dipoptides have molecular weights of 
about 100, while with the proteins the inoleoiilar weight certainly eexceeds 
10,000, at least 100 of these groups must be present Also, as several of the 
ammo-acids contam one or more asyrmnetrio canbon atoms, steieoisomerism 
IS possible, and so likewise jh tautomorism, e g , 

— HH CO— —N C(0H)— 

The nivestigations of Pischei have resulted m the synthetical preparation 
of moie than a hundred of the sunplor polypeptides, and of a tetiaaeoapeptide, 
but on ascending the series the complications and difficulties inoieose dispro- 
portionately This problem could occupy a whole generation of ohemiats, and 
its solution would be a glorious tniunph for the twentieth century, os it would 
banish for ever the Malthusian threat that one day humomty will be starved 
owmg to the disproportion between the population and the pioduotive capacity 
of the earth Indeed, while it is not posHublo to replace the proteins m human 
nutrmient by fats or carbohydrates — ^these aJono loBding to rapid decay of 
the organism and to death — ^protems of thomsolves are able to suppljy all the 
needs of the organism. So that the msiiffioiont production of proteins m nature 
ab some futuie tame would of a certainty be aoeoraponiod by famine, unlosa a 
method of synthesising piotenis by cheraioal means had previously been dis- 
covered Bertholot imajpied that one day the air would supply the oxygen and 
mtrogon, and watei' the nydi ogen for tins synthosiB, and it is not for us to deny 
that the dream of yesterday may become the reality of to-morrow, if ohemistiy 
learns how to mutate the simplicity and economy of the natural synthetiom 
processes beat exemplified in plants, which from carbon dioxide, water, and 
mtrates are able to eifeot contmuous production of carbohydrates, fats, and 
proteins Our laboiatory synthetical methods are still too cumbersome, too 
mdneot, and generally too costly Only when the action of catalysts and light 
and the laws of colloids have been more closely studied can any hope be enter- 
tained of a more rapid progress m the syntheaiB of such complex organic 
substances 

The numerous different proteins ore usually elasaifled in the following groups and sub 
groups I 

I. NATURAL PROTEINS 

(1) ALBUMINS (of eggs or Egg-albumin, of blood serum or serwn-dBmtnini of milk or 
laciatbwntn, of musoles, of plants, eta) 

, These ore the most oommon and also the best known of the proteins, ainoe they oan 


\ 
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be iflolated qb dfifinito, orystalliue, ohomical mdiTidualfl. They axe Soluble in water, dilute 
ooid or alkaJi, or nmda-al solutions of NaCl, MgSOj, or (NH4)aS04 (the ^obulins boiug 
maoluble), but m aoid solution these salts precipitate the albumins. In tho hot they ore 
ooaguiated. 

The products of the putrefaction of albumin contain also p Hydroxyphenylacetlc Acid, 
OH 0004 OH* CObH, which occurs likewise in urine (aoioulor crystals coloured groeuiali 
by femo ohloride) 

There eiasta nowadays a considerable trade m dry albumin obtained from the egg and 
from blood In vonous oountnes, eggs and yolks ore preserved m salt and employed m 
different mdustrles (for tanning, making leoithm,^ ouhnary purposes, eto ), and the frosli 
white separated is diluted with a little water, beaten until it forms a froth, allowed to stand 
until the latter is destroyed, filtered throu^ woollen bags, and evaporated m a stream of 
BJT at 30® to 40° m large shallow pans , after 40 to 00 hours there remouis a thm, yellowish, 
transparent pelLole, whloh is completely soluble m water and keeps without developing 
any unpleasant odour * 

^ Ledthm, C 4 aH„aO|NP [see p 402), is an ester of choline (p 267) and of glyccrophoEiplioric 
acid, aombined as a glyoonde of palmltio or ateono acid When boiled wltli water or barium 
hydrondo It decompoaes into oholme, fflyoerophosphonc odd (p 258), palmltio and Bteono acids 
Its oonstltution, first studied by Streoker (1808), would therefore be 

0H|;“0 CO Oj^^Hg* 

(IjH— 0 CO Oj^gHgi 

is, 0 PO(OH) 0 CH, CH, N{0H)(CH,), 

It Is dextro rotatory, but when heated with 05 per cent oJoohol is rocomised to the inootive form, 
which is convert^ mto 2 leathtn by the action of hpase (p 134) Histeaiio and diololo loolthins 
are also known. 

Leoithm ocours in the animal kmgdom [nerves, brain, blood oorpusolos, CM-yolk (0 4 per 
cent) ] and in the oils and seeds (0 5 to 2 per cent ) of oere^ and legnmiuous ulants It forms 
an orangc-y^ow, waxy, orystallme mass, and Is soluble in sloohol, ether, cliloroform or glycerine, 
and slight^ so m acetone or ethyl acetate It is l^groBcopio and with water swells and forms 
on opameoent solubon, from which It is separated by vonous salts (including FtCl4) , It oombuios 
with both acids and bases, forming saltB Leoithm is decomposed by the pancreatic juice, the 
le^tmg; products being completely resorbed by the intestine. 

It IS largely employed as a tome, either os such or m the form of vailous salts It Intonslfies 
metabolic ^processes, causes assimilation of phosphorus and nitrogen, reinvigoratea tlie blood, and 
results in increase of weight. 

Industrially lecithin is extracted from ogg-yolk, in which it occuis partly oombJnod with 
albumin as 2eof2Aa26umtn, which may bo l^ated unchanged and then docomposod into its 
components by heatmg Trith alcohol To obtain lecithin, 10 kilos of egg yolk Is shaken >vlbh 
10 Imos of cold method aJcohol (this dissolves less fat than ethyl alcohol) for three iioura, loft 
overnight and filtered, the residue belnn washed with 10 kilos of methyl alcohol in several mrbionB 
The alcohol la then distilled off under (mninished pressure and the lecithin thus obtained aiBSulvod 
in ether and repreoipitated with acetone. 

According to Fr Fat 390,083, the fat and cholesterol are dissolved and tlie leoltlialbumin 
left imdlssolved when egg yolk is treated with ethyl acetate. Separation of lecithin os its salt 
with cadmium ohlonde is more complicated. Many other pooosaes have bean mtented 

Before the war egg leoithm was sold at £8 to £4 per kilo, but during and axter the war tho 
price inoreased greaby 

‘ The egffa produced by hens of different breeds are of varying alse and weight (from 46 to 
06 grms. , duck, goose, and turkey eggs weigh from twice to four times os muoh) and are 
composed of about 00 ^ cent, of white, 80 per cent, of yolk, and 10 per cent, of shell (mainly 
Gakuiun carbonate) , the white contains 86 per cent of water and 13 per cent, of albumin, and 
the yolk about 616 per cent, of water, 28 6 pei cent, of fats, 16 8 per cent, of proteins (principally 
vltellm), 2 per cent, of salts, 0 45 per cent of cholesterol, 1 2 per cent, of phosphoglyoorio odd, 
H-Tid o4 per cent, of extractive substances. As regards its nutritive value, an egg weighing 
00 grms 18 equivalent to 60 grms. of meat, while its heat value is about 80 Calories GoutLnuous 
evaporation of water tekes place through the shell of the egg, and tho volume of the contents 
dlminlshea, leavuig a free alr>spaoe — ^varying In sise in different eggs — which may be observed 
by looking through the egg at a candle fiome m a dark chamber Fresh ogra are also distinguiBh- 
able from stale ones by^e specifio gravity fresh eggs sink m a salt smutlon of sp gr I 078, 
those 2 to 3 weeks old m one of sp gr 1 Oito, those 3 to 6 weeks old In one of 1 0^, and rotten 
eggs in one of ^ gr 1 016 It has uso been observed that fresh eggs fioat horizontally on a 
denser hqnid, those 4 to 0 days old at on angle of 20®, those 8 to lO days old at on angle of 
about 46®, and those 16 to 20 days old at an angle of 60° 

The preaervaiton of egga is of considerable importance, since In summer eggs are abundant 
and cheap, while in winter they ore Bcaroe and cost double as muoh A common means of 
preservation formerly employed consiHted In unmarsinv the eggs in water saturated with lime 
(which partially filled up the pores of the shell with ouemm carbonate), but in this way they 
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From frosh blood (from the butcher's) pure albumin is separated with groater dlffioolty 
The blood la first allowed to undergo spontaneous coagulation, Iho blood globules and other 
impunties thus collecting m a compact maos so os to allow of tlie ready dooantation of 
the faintly coloured liquid soriim containing tlie albumin , or, after ooagiUation, the blood 
may bo introducod immediately Into a centrifugal separator (flce p 476) Tlie centrifuged 
or decanted liquid Is beaten (wltliout dilution), filtered, decolorised witli diarooal, aud dried 
as abova In many coses dooolorisation is dlffioult, and the albumin has to be precipitated 
with lead acetate , the dooantod precipitate is washed and suspondod in water, wliloh is 
then saturated with carbon dioxide, tlie lead carbonate being allowed to settle Tlio oloor 
albunun solution is treated with a httle hydrogen sulplude, which roinovoa traces of load, 
and filtered, and the pure solution evaporated as with egg albumin* 

According to Gar Pat 143,042, the soniin albuimn is coogiilatod by moons of salt, 
dissolved in ammonia and treated at tlie boJhng-point with hydrogen peroxide, the oxooss of 
ammonia being Bubaoquontly dnvon off The method desoribod in Eng Pat 10,227 (1906) 
consists in treating the soriim BuoocssLvoly witli hydros ulpluto, acetic acid, and sodium 
acetate, the liquid liolng then neutralised with ammonia and evaporated as usuoL 

Albunun is used in various industrios for photograpluo papers, in textile printing, m 
pilntlng titles In gold loaf on hooks, as a olarif 5 nng agent m wiuo-inaking (a«c p 200), eto 

Egg albumin cost, before the war, aooording to its degree of piiiity, £24 to £28 per 
qmntal Blnoldah blood albumin was sold at 48s to 00s per quintal, the dark at 88s , the 
pale at £5 to £8, and the pale powdered at 128s to 208s 

(2) GLOBULINS (of plants or Phytoglobullns, Serum-globulin, Lactoglobulin, eto ) ore 
insoluble m water but soluble in dilute acid or alkB-l l- At S0° they ore pi'eaipitated iinolumged 
completely by aolutionH of ammonium or magnesium sulphate and partly by sodium 
ohlondo solution. Their solutions arc coagulated by heat 

(3) NUCLEO-ALBUMINS (Vitellin, Casein, etc ) ore acid in oharootei and decompose 
oarbonatoB , they ore slightly soluble in water, but disaolvo with fonnatiou of salte In 
oaustio soda or ammonia and are then coagulated neitlior by heat iioi by aloohoL They 
contain phosphonis (0 86 per cent, in eoseln) but aio distinot from the nuoleo proteins, 
whioli give xantluno bases among tlicir doeomposition products Casein is foimd in ttuTIc 
( ss8 p 043) and is coagulated by rennet or by dilute acids at 60° , it is aolublo in borax or 
potassium carbonate and Is rondorod insoluble by formaldohydo Convortwl into salts in 
various ways, it is placed on the market os a oonoentratod and roadlly digestible food 
{ 2 )la 8 mon, n^^^rosfl, tro 2 >on, ote ) , it is mixed with mineral colouring matters to make var- 
nishos. The hydrolysis of casein yields various amlno-ooids and complex trlboslo acids 
(Skraup) Vegetable caeeina are also known. 

To obtain pure casein iu tlio laboratory, diluted skim milk to which 0 6 j)Qr oont of ocotio 
acid lioa been added Is lioated to 56° to 00° and the prooipitatod oosoln ooUoetod on cloth, 
washed well with wato, rorllaHolved m very dilute anunonla, decanted or filtered to remove 
the undlssolvod fat and nuololn and then roproeipitatod with acetic ooid na at first. It is 
again collected on oloth, washed witli alcohol and then with otlier, and driod iu a vacuum 
Prepared in this way, it is free from fat, loaves loss tlian 0 6 per oont of ash and oontaiufl 
16 6 to 18 per cent of nitrogen From ordinary oBSoin a modlOoatlun known oa paraonsetnf 
oontomlng 14 8 to 16 per oont of mtrogon, may apparently bo separated. Qommoroial 
casein {see p 043) oontams loss than 3 per oont of ash and loss than 0 1 por oent. of fat, 
aud costs 04^ to 80 a per quintal Riegol (Gor Pat. 117,070 of 1000) iirocipitatoa it in a 
highly pure state from mlllc by means of othylsulphurio aold Oasoln Is detooted on toxtilea 
or paper by Adamklewlosr's reaction, a drop of a mixture of glyoxylle and sulphuno acids 

acquire an unpleosoub taste , an Improvement la oSeatod by adding 6 per cent of socllnm ohlorlde 
to the lime water Others preserve them In pounded salt or in saft and bran, pointed end down, 
while others again smear them with wax, voselhie, and oU or tallow Lo^ quantities of e^ 
ore now preserved for some months (May to November) by plodiig thorn In thinlayoTB on wood^ 
lattices In oold oliambers, which are kept at a temperature of 1° to 2° and a humidity of 70° to 80°» 
and are well ventliabod, preferably by means of an apparatus producing ozonised air In oerbe^ 
oases good results ore obtained by preserving the eggs la 10 per oenti sodium silicate solution, 
although such ^gs often burst during subsequent bmllng A mere coating of the silloato or of 
collodion Is of little avail For transport eggs are arranged in layers, wl^ alternate layers of 
old straw, in wooden boxes 

The value of the oags imported mto England was £80,000 In 1804, £8,000,000 In 1006, and 
£6,800,000 in 1010 (about £3,800,000 from Eussia, £1,760,000 from Denmark, £660,000 from 
Austria Hunga^, £420,000 fi^m France, £300,000 from Italy, £200,000 from Germany), in 
addition to £8,^i000 from Ireland. 
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being placed on the surface, which is then gently heated over a flame iii 2)rosonoo of oosoin, 
the drop of hquid assumeB a tronfiitoTy violet red colour 

(4) PROTEINS WHICH COAGULATE (Fibrinogen, Myosin, etc ) arc distinguished by 
exhibiting a flrat coagulation under the influence of certain enzymes and a further coagula- 
tion by heat or absolute alcohol 

(6) HISTONES (Globin, Nucleo-histone, etc ) oontaui sidphur and arc markedly basic 
In character , they are precipitated by alkoLs, and m acid solution give insoluble compounds 
with the alburains, Nudeo hislonea ore obtauied from the leucocytes of the thymus gland 
and from the testes of certain fiah. The 2 >n)tein part of the hosinoglobm moleoulo of the rod 
blood oorpuBoles oonsiBts of a histone, gldb%fh The histones have oortaiii proportios In 
common with the peptones and albumoses 

(0) PROTAMINES (Salmin, Clupein, Sturin, etc ) do not ooutam sul^ihur but ooutolu 
up to 25 per cent of mtrogen and are composed mainly of diamino acids (aiginiiic) , they 
are obtained from the spermatozoa of many fleheB (salmon, hemng, sturgeon, ota) They 
and the histones arc the least complex ^^roteins 

They ore still more boaio In character than the histones and readdy form platiniohlondos, 
sulphates, and picrates, whioh are all orystalhiie They ore prooiiiitatud by dilute 
alkalis. 

II MODIFIED PROTEINS 

(1) ALBUMOSES and PEPTONES are derived from true pratoins by vanoiis tians- 
formations The albumoses are soluble and oamiot be coagulated, but arc procipltablo 
by ammonium sulphate and other salts The peptones ore regarded os tlie last decomposi- 
tion products of the proteins whioh give protein reactions .(the blurot reaction) , on dooomr 
position they give amino acids without mtermodiate products 

(2) SALTS OF PROTEINS (Syntonins or Acid-albumins, Albuminates) aro markedly 
acid in oharaoter 


III CONJUGATED PROTEINS (PROTEIDS) 

These represent oombi nations of proteins with other complex Bubstanoes, and arc 
coagulable by oloohol 

(1) HEMOGLOBIN is the colounng-matfcor of red blood coqmaolea and is i-cgordod os 
a protein oomhined with a oolounng-mattei oontoJmng iron, sinoe, when dofibrlnatod 
blood is heated on a water bath with sodium ohlondc and occtlo acid, the limmoglobiii is 
decomposed Into albumin and Hsematln, aaaHBjOjN^Fe OH The latter is a brown sub 
BtonoG containing 8 per cent of iron, and by treatment with sodium chloride is transfonnod 
into Hamln, OoaHmOiNiFe 01, whioh forma oharaotBnstlo, reddish brown, aoioular 
crystals The constitution of hcamatln has been elucidated by the work of Nonokl ami 
Zaleeln (1001), Ktlster (1001, 190fl, 1914). Willsttttter. Kuorr, PUofcy, and H Flachor (1011, 
1012), and that of the hoBmatinio or hcernatlniminlo odd obt€unod on oxidation renders 

< 0 0 CHa CHa COgH, 

II this yielding 

0 C OHfl 

Buooinio amd whan oxidised with bichromate or jiermanganato. Tlie heamoglobm of venous 
blood IB of considerable importance in riaepiration, os it oomblnca very readily wltli atmo- 
aphono oxygen (when the blood traverses the lungs) forming Oxyheomoglobln, which is 
found in arterial blood and carries the oxygen to the tissues, afterwards returning to the 
voioB Blood-spots (even old ones) may be detected by Tclohmonn’s test to a aolutbn 
of the spot m a httle glacial acetic acid are added a trace of sodium ohlonde and then a small 
quantity of pure concentrated acetic add, the hquid being heated to boiling on a watch 
glass and one or two drope of the hot solution placed on a mlorosoope slide and allowed to 
evaporate slowly in the cold , a drop of water is added, a cover applied, and the slide 
observed under the imoroaoopa The brown hmmin orystaJa resemble barley corns, but are 
BomotimeB rhombohedral and generally orosaed m groups (Fig 666) j viewed in polonsed 
light between oroesed mools, they appear lununous and golden on a dwk ground. They are 
insoluble m water or cold acetic add, but dissolve in n-lknH 

Blood-Htajns may also be identified by means of the catalytic action of the hramo^obin, 
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whloh ooloura aloohollo giiaiaool tlnotnro or alkahno plieiiolphthaleiii pTOvioiialy (loooloriHod 
by 7 mo dust or, botter, tlio louoo bnao of molaoblto groon (JT AlioLiel, 1011) 

T Gigli (1010) Btatofl that a very aonflttivo roootion w given by a froah mixture of 3 drops 
of bouudine (6 per oont Hobition in aootio noid) and 2 drops of 3 per ooiiL hydrogen poroxido 
solution , a blue oobratioii is given iinmodiatoly by a trace of blood Bardaoh and Silber* 
stem (lOlO) propoAO the use of guauinum rosin and sodium perborate 

Oxyhcemoglobm has a eompositioii differing little from tliat of the proteins, but it 
oontains 0 4 per cent, of iron oombinod in tho forrio state, as with lioeniln and hminatin, 
whilst tho reduction product of tho latter, t c , lunmoglobin, is a ferrous oompound 
(W Ktlster, 1910) In a vacuum (or undei the action of ammoiuuui sulphido) It loses 
oxygen giving homiogbbin 

Hroinogloblu forms a red orystolUno powdoi solublo In water Dud roproolpitablo in tho 
oryatolline state by alcohol Both Juemoglobm and oxyhromoglobin give cliaTOotoristlo 
absorption spectra. 

Htomoglobin and also its ash exert a oaiEiIytiu act ion lu oortaiu oombufitlon phenomena ; 
6 g , sugar moistened witli a little Iiuman blood bums with great oiiorgy 

Wlion a onrrent of oarbomo oxide is passed into a solution of red oxyhoamogbblu 
(deflbrhiated blood) tho oxygon is displaood and tho liqiud assumes a violet-rod oobur, 
oar&oajy7i®7?w)pZob»» — ^wboh oau bo obtained in bluish crystals 
— being formed An aqueous solution of this oompound A. ^ 

(blood poisoned ^vlth oarbomo oxide) gives two ohai'aotenatio iP v » i 
absorptbn bands between tho D and E Laos of tho spoetruni, Vl 

and tlioao bonds do not mute or disappear — as happens in the a ^ ^ ^ ^ Vi' \ 
oaso of oxyhromoglobin — ^When a few drops of ammoninui ^ ^ ■ 

sulphide are added to the solution. Hromoglobln itself gives 
a single absorption band between the D and E hues. 

(2) NUCLEOPROTEINS or Nucleins liavo a pronounood noid oliaraoter and are inaolubb 
In water and ooids, but soluble in alkali They represent oompounds of proteins with a 
Nucleic Acid, whbh is phoapliono aoid nontrallaod partially by basic orgniuo groups, such 
as xanthine, guanine, etc Tho nuobins oontaln fl 7 per oont P, 41 per cent 0, and 31 per 
oont. 0, and are hence sharply diatiugiuBhecl from true proteins although they give tlio same 
oolour reaotions. They form the fundomoiit^ oonstituonts of eel I nuubi 

(8) GLUCOPROTBINS are aoid in olioractor and are formed of a protein oombinod with 
a sugar dorivativo. They ore Insolubb in water and with a little liiiio-water give neutral, 
frothy, and ropy solutions whbh arc not coagulated by Iiont oi by iiitrio aoid. When 
liydrolysed with alkali or ooid they yield sugar, poptoiioa, and Syntonina 

These oompounds, whioli are poor in nitrogen (11 7 to 12 *3 per uont.), Inoludo tbs 
Mucins 


•Hromln orystnla at 
different magnlfloatbiis 


IV. ALBUMINOIDS 

Theeo oonstituto tho fundamental parts of the oartllaginoiiH tisHuos and opidorinls of 
animals and oomprlse , 

^ Blood-spots may also bo dofaeobed by means of liydro^n ]»ruxlde lb la sometimes 
Bufflolent to press a ptooe of moistened Alter papeor on tho dry blood spot and then to immerso 
lb in hydrogen peroxide soluUon, to obtain a oopbus evolution of oxygen. 

To oaoertoin from what animal the bbod comes, and iu general to dlsoover if it is human 
blood, Uhlenhuth's test (1000), b&sod on the foimatluu of dllTeront antitoxins in different autmolB 
(ses p 138), serves Tnsfcovltoh and Bordet (1800) showed, indeed, tliab If on extraneous serum 
(fl q , human) is injooted in sovotral doses Into the blood of an animal (s p , a guineo-pi^, the 
sarum of this animal (onlweftim) ultimately acquires tho proper by of preolpitatiM (or ^derlng 
turbid In the ease of dilute serum or dilute blood) the bloocf of uio animal whloh mrmshed toe 
Injected serum (ap , man) If even a very dilute solution of blood ^obtained, for instonoe, by 
extraodng a dried blood spot with a little water) la cleared by Altration and treated sraorately 
with different oloax antisera to asoerlaln 'with which of 'them a turbidl'ty is produced, it can 
be stated with aertainty that the blood-spot was derived from too aulmu whose serum, when 
injected into the guinea-pig, produced the antisexum renderbg the blood solution turbid. The 
teat must be applied very oarerally and with paroUel control experiments , it does not distlnguJto 
between the bloods of similar animolB, t,g , nens and pbeona, sheep and goats, apes and men 
The dlfferenoe between various speoiofi becomes more evident when dilute solutions or, better, 
dilute blood and a little concentrated ontiaemm ore empbyed All these phenomena, studied 
by Uhlcmhuto, and subsequently by others, are baaed on toe preoipltatlon of the albuminoid 
substances of toe different sera (weBsp^iins), and they allow of tho determination of the ohorootexs 
of lOood spots 00 years old Clear Bolutionfi and stenlised veeaels are always used for the test. 
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(1) ELASTIN, which fontifl tho elastic part of the tondoiifl and Ugainonts, is insohiblo 
in dilute ooid or alkali, but with the latter losea tho whole of its sulphur 

(2) KERATIN ifl the pnuoipal oonatltuont of tho noils, honia, foathors, epidunnis, 
hair, eto It is insoluble in water, but when lieated under pressure, beet in proaoiioo of 
alkali, It dissolves with partial deoomposltiorL It o onto: ns 4 6 per oout, of sulphur, which 
is ehininated to some extent by boihng water 

With nltrlo ooid it givM the yellow xantlioprotom reaction (aea oicwe, yoUow spots on 
skin treated with nitric acid) 

(3) The COLLAGENS are abundant m bonos, liair, tendons, and oortilaga They 
combine with water at the boihng-pomt and dissolve, forming ordinary glm or geUitme^ 
which is precipitated by tannm or by morourlo oliloride acidified witli HCl but not by 
mineral acids. They contain stably combmed sulphur They consist, to the extent of 
86 per cent , of aunno acids (Skraup, Bioliler and BOttchor, 1900-11)10), and, liko tho 
protonunea, arc true proteins GOiitoining methoxy and ozomothyl grouiis Unhko ouacdii, 
they give little glutamic acid on hydrolysis On hydrolysuig them with oauHfclo lioiyta, 
E Eiaoher and H. Boehner (1010) obtained Prollne {pyrrohdxne. a carhoxiflxc floid) os pnmary 
product, a Amino 8 hydroxyvalerlc Add, which is also obtained from golatino, (low not 
give prohne with baryta. By digesting golatino with trypsin, Loveno (1010) obtained 
mainly ProlylglycocoU Anhydride Tho absorptive power of tlie oollagcns for eorboii 
disulphide, which m presence of alkali loads to thiohydration, allows of their dilToi'ontiation 
from agglutinating substances (Sadikow, 1010) , tho agglutination of gelatine is not only a 
diagregation of the oollagcm nioloculo, but also a condensation of the Bido-ubuJnu, Uolatlno 
whloh has undergone prolongcxi exposure to hght loses some of its absoiptivo power for 
water owmg to the formatiou of formaldehyde, which hardens tho glno (Moisling, lOOO) 
On hydrolytic decomposition, tho collagens give glyooooll (while tho albumins give tyrosine, 
leuome, glutamlo acid, and oaporagino.^ Very (lllute solutions of glue give, with boiling 

^ Manufacture of Glue and Gelatine Tho prune matcmla are bnnoH and hide waste, 
generaiy untanned and preserved with lune From bonos the fat is first oxtraotod (arc p 18fi 
and also Vol I , p 647), and the omahod bones then lusatod for a ooiiple of hours in a largo 
autoolave with water snd steam under pressure, so as to convert tho oMein into solublo gelatine , 
this treatment is repeated two or three times, tho final more diluto sohitious being used fur a 
Bubsi^uent operation. Batteries of autoulaves are gonoroUy used Tho solutlnn obtained 
ahowB 12° to 14° on the glue donsimeter and Is oonoentratod in a vaouiun {<• g , iu a Kewtnor 
apparatus, VoL I , p 603) to 46° to 40°, and bhoii dlsohargcd Into duo moulds surrounded by 
cold water to solidify In some oases, however, tho bones and honoo also tlio gluo arc frood 
from oaknnm phosphate by treatment with four tUnos their weight of 0 to 7 iier uent hjrdroohlorlo 
ooid (sp gr 1 06) until oompleto softening occurs Tho oaloium phospliato in pi'OcipitAtod fioni 
the Bomtmu by means of limo and calcium carbonate, while tho ossoin, jdacod In a double 
bottomed vessel heated by steam, is rapidly oonvertod into a solution of gluo. Aoi urding to 
Qer Pat 144,398, the calcium phosphato may be dlsBolvcxl by oquoous SO, undtr ifrcjmiTQ (only 
the treatment under pressure is patented) Tho solid blocks of gluo are bhoii out Into suitablo 
sizes and dried on wi(m moshed nots arrouged ou trolleys, which ore placed In ehauibors through 
which air at 26° to 3U° is oiroulated by means of fans [f tlie air is above tlilH tomjKsraturo 
tho glue -will melt, wlule If lb is too dry tho ookos are deformed On tins oocuuut. and also bcxiauso 
it would readily jmtrcfy, gluo is nob mode in summer Dry hme. glua oontaliiH 16 tu 20 pur cent 
of water, the (h^g occupying 10 to 12 clays When the mineral part of tlio bonos is (lisHolvod 
by SO, or a miueral add, gdaiina remains 

Skin glue (leather glue) Is prepared from hide waste and also otlier waste (norvoa, cartilage, 
eto ) by defatting with carbon disulphide and Roftonine or swelling in watw, which llkowlso 
removes impuntlea. lb is then macerated fcir three weeks in a scries of vosHela uniituinlng milk 
of lime, wmoh is frequently renowod to elimhiato any remaining fat, blood, eto It is then 
thoroughly washed in water and the last traces of Uiue (which would make tlie gluo turbid) 
removed by meonq of dilute hydroohloric acid, or, better, of sulphur dioi^o or phosiiliorlu 
acid The waste prepared m tliis way Is treated with hob water and steam in woouon voBsuls 
with faJsq bottoms and the first solntlons, showing deaisities of 10° to 20° on tho gluB-donHimoter, 
BIO solidified in moulds as above. Tho two or three succeeding extracts, wldoli arc moro dilute, 
ore oonoontrated to 20° to 22° in a single or multiple-effet vacuum apparatus (sec p 600), 
surmounted by a ooliinm with perforated discs to break up tho froth, oiui arc then allowed to 
set. Good results are now obtained with Keetner concentrators (see above) The 'waste used 
gives about one-third of its weight of dry gluo. The finer (luoUties, filtered, deoolonsod, and 
prepared from pure, fresh, raw materials, bear the nsjne of getaline and oost almost double. 

In order to utUise tanned hides in the manufaoture of glue it Is neoesHory to unton them 
by successive treatments with dilute alkali solution, water, and lime , if chrome tanned, they 
are 'treated first with dilute sulphuric add, then with on abundant supply of water and finiUly 
■with lune In either case, the remaining traoes of lime are removed ky means of dilute HGl, 
the latter being eliminated by treatment with alkali and washing with water (Eng Fat. 22.788 
of 1902) 

Fi^n^lue is obtained from the 'well purified swimming bladders of various species of Acipeweff 
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aramoniuin molybdato solutions, n obaracfcoristio prooipitato and ooloiirod solution, -wluob 
may be appbocl to quantitative estimations (E Sohraidt, 1010 ) 

V VARIOUS PROTEINS 

Spongln enters into the fonnatlou of sponyos , its hydrolytic pioduots approxiniato 
more to thoso of the onllageiis than to those of the albuiulnB, but they are more resistajit 
to tbe notion of soda and baryta tJuui ouUaguiis Corneln oonatitutes ooral and gives 
leuoine on liydiolysis. Fibroin and Soricbi are obtained from silk (acc p 813) , fibroin 
dissolves in enorgotio alkalis Avith obmiiiaiion of amniouia and formation of Sericoln, ojid 
when completely hydrolysed It yields tyrosine and glyooooll but not louoluo 
The Enzymes (see p 134) belong to tlio group of ooinplox albumms 


GLUCOSIDES AND OTHER SUBSTANCES OF UNCERTAIN 
OR UNKNOWN COMPOSITION 

Glucoaldaa have boon defined and the uyutbesis of artifioial glueoaidos dosonbod on 
pp fi30 and 5S1 They ore oompounds of oroniatlo or allpliabio compounds with oorbo- 
hydrates In vegetable organisms tliese gluoosidos form, oooording to Ffefior, dlfileultly 
dialysablo sulistauooa wbloh servo the plants ns rosorve material, gradually beaomlng 
utdlsablo as they ore dooomposed by the various enzymes oooumng In other oells This 
was well shown by T Woovora (1003 and 1008) for Sallcin, wlilob Is doaomposod (by emulsln) 
into gluuoBo and soligonm (hydroxybunzyl alcohol), Uie latter being probably further 
traiisfonnod bito a final product known os Catechol Tlic latter is a phenol found throughout 
the whole plant {e,g , Salve jnirpurea), and its quantity is uivorsoly proportional to that of 
the Boliolii presont , it is possible that it reoets with fr^li quantities of gluuose, regenerating 
Bolloin. WJiilat the sugars ai'o gradually utilised in tlie growth of thu plant, the aromatio 
group (wbloh serves os a reserve of oar bon for baoterla but not for yeasts) is used in tlio 
oontiuuouB I'cooiiHtruotion of the gluoosida Tlius plants are able to iirojiaro reserve matorlals 
in dlfiorent ways whoa the oarbohydratos aro not utilised, they ore transformed Into 
insoluble staroh, or mto glyoogeu, or mto gluoosidos. 

AMYGDALIN, already moiitionod on p 130, lias a oompoBitiou oori’espoiiding with 
C 10 H 87 O 11 N and fonns oolourless orystals wluoh are soluble lu water and molt at 200 °. 
It IB found In tlio stones of various fruits (ohca^rlcs, poaohes, bitter almonds, oto ) and in 
the leaves of the olieiiy laurel. When hyclralysod by aolds or ouzyinos {see p 134) it yields 
dextrose, prussio acid, and bouzoldohydo. 

SAPONIN, Cb2HbiOi7, is obtained from fiaponarla root, qullaya bark, and tlio Indian 
oluwtnut. It is used for washing garments In plooo of soap, and is also employed to produoo 
a persistent froth {e,g , to give a head to boor) It is soluble in water, has on iiTiiating 
taste and smell, and dissolves I'od blood oorpusolos (is honoo xxiisouous) It is extrootod 


'wpedolly of Acijmiser siuno (sturgoon), by troatmont A\4th acid, lime, steam, water, eto 
A.uQording to Got Pat 131,316, the mubber of whales may also be used IHah glue ousts double 
ir treble as muuh as the best quolltlefl of oUier glue 

lAquid glue is obtahied by the protraotod heating of glue with Its own weight of watm* and 
}iie-fourbh or one tlilrd of Its weight of liydroolilorlo, oe^c, or mtiiu acid (the last nt 35° B 6 , 
he nitrous fumes must bo oarrled away Iw a good draught) P baiif (Qer Pat. 212,346 of liK)8) 
ibtalns liquid glue by treating, say, 450 kiloa of glue with 120 kilos of sodium naphthalene- 
lulphouate 

Glue Is analysed by determining Uie ash (2 to 3 per oent.) and the inoi'eaae m weiglifa caused 
by immoialon for 12 hours in oold water (in which It should nut diBSolvo), the best quahtlos 
ibaorbmg most water and swelling Tlie of hone-glue has an almost neutral roootlon, and 
jhlorides and phosphates are found 111 its nitxio acid solution The ash of hide glue does not 
nelli, has on alkaline reaction, and ooutains little or no nhosphorio aold Qlie aqueous solution 
)f pure glue has a neutral or very faintly oold reaction, i^lle those of the more impure kinds are 
lometlmes alkaline Glue should bo oompletely soluble in hot water, any undissolved part 
^presenting Impurity The moisture oqnt^t of dry glue should not ezoeed 16 to 18 uor oent 
lost at 105°) The beat qualitiea melt at tho high^ temperatures and the draping point 
nay be determined by Ubbelohde's apparatus {see p 6 ), using a larger vessel The relative 
kdheslve powers of different glues may be eaUmated by preparing te^d solutiona of equal 
onoentratlonB, immersing pieces of ootton or woollon fabric ^ equal wd^ta and areas) in them 
or 2 or 3 minutes, centrifuging the fabrics at the same time m the same oentiifugo, ironing 
hem slightly with a hot iron, di^ng oompletely in on oven at 100 ° and then noting which of the 
abrioa Mherea beat and longest to w fingers^ 
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m yariouB ways aooording to Ger Fats 116, 591, 144,760, and 156,054 TJio orudo produot 
ooflt, before the war, Qa 0^ per lalo , the purified, 20^ , and the pniiss , 40^ 

DIGITALIN, (?) , DIGITONIN, Ca7H480i4, and DIGITOXIN, CgiH^On, m-o 

the most important oonstituents of the foxglove {iHgitahs pttrpurea) and oro used in modi- 
oino, eepeoially for diseasee of the heart Pure digitalm oost, before the war, 10r2 per 
gram, and orystalliaed digitoxln 20^ per gnuTL 

SALICIN, (see pp 535, 677), ib oon tamed m Boverol varieties of Sollx, and on 

hydrolysiB gives glucose and sallgenm {see pp 641, 077) , with mtrous oold it forms 
Hellcin, Cj^gH^gO, HgO, which oan also be obtained synthotioolly from gluoose and 
sahoylio aldehyde. 

.^CULIN, CigHigOg, IB obtouied from horse oheatniit bark, and is the gluooRido 

< CH CH 

I , whioh IB iBomone with 
0- CO 

daphnetiTi, 

POPULIN, H- SHgO, Is a Benzoylsallcln, and is obtained Bynthotloally from 

Bohoin and beoazoyl ohlOTide , it oootzis naturally in Populita 

HESPERIDIN, CggHggOig, ooeuiB abundantly in the hitter orongo, and on doeoiii 
position gives phlorogluoinol, gluoose, and Ferulic Acid, wluoh is the monomnthyl obhor of 


OH 


Caffaic Add, CH 


CH C0,H 


PHLORETIN, CigH^Og, and its gluooaldo, PHLORIDZIN, are found In 

plants, and In oosee of glyoosuria in ammalH 

IRIDIN, Cg^HggOig, IB fouud iR tho roots of the Floreutino iris and yields Ingenin and 
gluoose on hydicHyeiB 

ARBUTIN, Cj^H^gOf, oooura in the leaves of the bear berry and gives gluoose and 
hydroquinone on hydrolysis Methylarbutln gives glaoose and methylhydroquluono 

CONIFERIN, CigHgaOa -|- 2HgO {see p 078) 

SINIGRIN (Myronlc Acid), , hydrolysiB of its potassium salt, whioh ooours 

in blaok mustard seed, gives gluoose, potassium bisulphate, and oUyl mustard oil 

SANTONIN, CigHigOg , its oonstitution has been studied more especially by Cannl7.zAro 
and his pupils. It is a naphthalene derivative and is found in worm sood (santonioa) 

ALOIN, an onthraoene derivative, oocuis in aloes and ih a stroug puigatlvo. 

LECITHIN (oompoaition, see pp 402, 860) is a oharaoteristlo component ogg-yolk 
and of brain and nerve matter and is a orystalllne waxy substanoo, which diBBolvea in 
aloohol or ether and with water forms an opaJesoont liquid When hydrolysed it ylolds 
glyoerophosphorio, oleio, and palmitio oolds, together with choline, and It may thoroforo bo 
regarded as a glyoeiide (see pp 216, 460) 

Considerable use has been made of it (and also of bromo and lodo looithin) lu rooout 
years ojs a medieme Lecithin is extrooted on the large soolo from egg-yolk, and new 
pTOoesses are desoribed in 'Ft Pats. 371,391 and 406,634 of 1008 Pure looithin ooats up 
to £8 per kilo 

CEREBRIN, CifHggOgN, oooura m the nerves. 

lODOTHYRIN (eee Vol I , p 162) is the iodine compound of the thyroid gland 

Bile Compound luolnde TAUROCHOLIC ACID, CggHggOTNS, and GLYCOCHOLIC 
ACID, CggHggOgN, BS Bodium salts. When decomposed by alkaJl, both adds yield Cholic 
Add, OH CgiHgg(CHg OH)|(COgH), glyoine and taurine Bile also contains colouring- 
matters such as BILIVERDIN, BILIFUCHSIN, and BILIRUBIN, CigHigOgN, 

CANTHARIDIN, C^gHjiOg, ooournng m oanthandes, oaOses blistorlng of the skin, and 
sublimes m thm soales 

CHITIN forms the skeletal matter of orufitaoeans. It is msoluble in alkali (unlike 
kerotm) and when hydrolysed by odd gives a ghioosomine. Fusion with potash at 184° 
yldds aoetdo acud and Chitosan, whioh also forms the'^uooaamine with Add. 

CHOLESTEROL, C 27 H 4 gO, oooniB in many plants and n.mTnA.1« (that of plants is called 
Phytosterol), generally together with fats and oOs , oertain physioal difierenoes but virtually 
no difierenoes in ohemioal behaviour are observable m products of difierent origin. Ite 
constitution has not been defimiely established, hut, owi^ more eepeoially to the Investl 
gations of A, Wlndaus, many of its oomponez^t groups have been aeoertainAd* A doubi 


i 
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whether tlio oomplox ooutoliiod oue or two double linkings forinorly exislod, but tlio addi< 
tlon of ozone (Mohnan and Ifonaroli, 1008) shoAva tho prosonoo of two such linkings in both 
phytostorols and other oholestorola • 

It forms shiiimg scales melting at 147°, and In onnsfcitution it reseinblca tho terpenos 
more tliaii tho aubstanooa of any otlier group, hut in all probability it does not contain 
benzene groups Minimal quan titles of cholesterol may bo detected by Tsohugajow’s 
reaction, which ooiisista m the formation of a more or lo^ intense rod coloration when, a 
small quantity of a Bubstanoe oontaiuing oholoaterol la poured into fused onliydrous trl- 
ohloroaootio acid In alcoholic solution, cholosterol and phytosterol (but not their etheis) 
form an insoluble compound with Dlgitonln , this reaction servos for tho estimation of these 
Bubstanoefl and for their soparatlon fmm otlier amnial and vegetable organic oomx>ounde, 
such ai Iiydi'ooarbonB, etc 

VITAMINS ^ Tho constitution of these oomponnds has not yot been deternuned, but 
they appear to be alkololdol In ohoraotor and to contain heterooycllo closed chain groupings 
Tlioy are obtained from various animal glands, from seeds and bran and from beer yeast 
(which derivoa it from tho malt) by extraction ivlth oJoohol slightly aoidlflod with hydro 
ohlorio odd, tho extract being uoiioontratod m a vaonum, taken up with hot water and 
prooipitatod with phosphotungstlo aold Tho precipitate is treated with barium hydroxide, 
and the filtrate ooncentratod, dissolved in oloohol ojid prooipitatod by means of morourio 
chloride. Precipitation of the Rltrate with sUvor nitrate then yields a orystalliBod base 
molting at 233°, which may be roaolvod by repeated oryatoJIisation into throe other bases of 
different melting pomts Tho mixture of the throe bases is the moat ootivo, and in two or 
tliroo hours cures pigeons affected witli iwlynountis This mixture, analysts of which 
indicates tho formula, ObqHqqObN^, Is soluble in oloohol or water, resists tho octioli of dilute 
Bulphurlo odd (oven 10 per oent), dialysos cosily, is semitivo to heat ( 00 ° or, rarely, 120 ”) 
or olkoh, Is absoi bod by charcoal and by oertam prooipitatod alumina (m preparing vitanuna, 
tJieao ore separated from tho liquids by centrifugation and not by filtration) With phoa- 
photungatio nr phosphomolybdlo acid, onido yitamiuB give tlio reaotions of nrio odd. Thoy 
do not usually ooour free m natuie, but ore libeiratod on hydrolysis (even with 10 per oont 
Bulphiino ooid) in on aotive ooudition. Gagho found tliat human urine oontains a vitamin 
wiiloh rapidly ouxoa polyneuritis in pigeons. 

When hydrolysed, both Punk’s vitamin and the oryzaiiln aoparatod from nee husks by 
Suzuki, Shimamura and Odoko yidd oholine, glnooso and niootlnic acid Also Drummond 
and Funk nbowed that vitanuiis ojo pyrlcllno dcnvatlvoa In some onsos, e g , with hydrogen 
peroxide, thoy act os catalysts 

Mammals arc Inoaxiable of produdng vitamins and those prosout in tho milk are derivod 
from the food Vitamins in oxocas ore hannloas to tho human organism Bottomloy and 
Mookerioge gave tho name aimmones or oximmua to spodcs of vitamin wiiloh are pro 
duood during the fermentation of peat and focilitato the dovolopinont of the nitrogen 
bacteria of tlie soil. 

The study of vitamins is still iii its infancy and many iminiii comiootod Avlth thorn 
remain ooutrovorslaL 


^ 0 Funk gave the name vitamin tc a Hubstamio wiiloh may be oxtranted from rice bran 
and beer yeast and Is capable of miring the diseoHO known aa bori beri In Java in 1800 JUljkman 
found that 28 per oont of the prisoners fed on decorticated (pohahed) rice Buffered from this 
disease, whereas the proportion yvaa only 0 01 per oont among those fed witli wliolo rioo 
(sss p 696) A slTnllar pneiiomenon occurs with fowls, pl^ns and rata, which ore onred by 
simple adbrninifitratlon of dtlier whole rice oi its bran In 1910 Brdkudat and also Stopp 
oonlirmod ISlJkman'R I'esnlts and showed tliat vltamltis and lipuids p 74(1) are not Identlcat 
MoOollum and Davis (1016) mahitamod that, for regular and equfhora^ growth of tho animal 
oTganism, the food must contain two speolaL substaiicoa whluh they term factor A, or 
anlioseropnth(Uinto vt^amin (soluble in fata, but hydrolysablo only with diffloultyh and factor B 
(insoluble in fats, but soliible In alcohol oi water) The latter corresponds with Funk’s vitamin 
and ooours more or less abundantly in animal and vegetable foodstuffs j It abounds In milk 
and its products, egg yolk, wheat, bwns and soja beans, being localised especially In the outlolQ 
or husk of seeds aim In the embryo, but lacking in the starch 

Wont of factor A (normally found in tlie lipoids of the ^onduloi ttssuos, a g^t the teetloles, 
ovary, liver, etc , and m the leaves of oaullQower, clover, etc ) produoea in adults xeroplilhaJmiia, 
and in the young noAefs 

Sowrvy is due to look or deffulenoy of a speolflo vitamin ooourrlng larsoly in freali or germinatuig 
vegetables and In lemon or orange juice (lb decomposes Fu^ obtolnod 

an aTUt-soor 6 u/ic oiiamn which protoots man frqi] 90 ( 0 Sfvy^]O^D 8 n^ g^d on mH hen hem 

and abounds in 

scurvy, which is, 

on germination 

n. 


tntotTun , the latter is possibly formed by 
oats, wheat and yeast and protects the or] 
indeed, the more common Moist oats 
become anti scorbutic The relation of 
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Al)rlu, 138 U 

Abi’^H pnBoatorlus, 138 ^ 

Auiujlo, UQO 
ActfuuijKtJieno, 730 
Aooi atiGoIiariiiuin nigrum, 640 
Acjcrtaldehyde, 250 , 070 
ISstmiation, 261 
Acotala, 245 , 534 
Aootamldo, 421 
Aootamidlno, 420 
Aootainldo-ohlodde, 426 
AootaniUde, 001 
Auetate, Amyl, 460 
CoUuloae, 381 , 600 
Ethyl, 460 
Aootatos, 346 — 348 
Acu^tio onhydiicle, 380 
AcobifloT^, 342 
Actotinilno oliloiide, 426 
Acjotinunothiometlivl hydnodide, 420 
AootluB, 267 , 274 
AootoQootaldohyde, 300 
Acotobromouudo, 420 
AoutodhlorhexoBes, 536 
Auutometors, 344 
AaotonomlnoB, 252 
Aootone, 120 , 264 
Aootonoalonliol, 307 
Aootono oliloroform, 119 
Aootontbrile, 238 
AactonrlaGotoae, 309 
AootopLonono, 076 
AootopliQnonoaoetono, G 70 
Aooboxnno, 263 
Aooiyl oliluiido, 370 
oyanido, 306 
loclido, 380 
numb^, 224 
fiulpliicle, 410 
Aoobylaootoae, 308 
AoctyloorbliLol, 307 
AaotyJoellnlofle, 381 
Aootvlono, 111 

nydrocarbona, 110 
AoobylcithylamLLio, 420 
Aootylglyooooll, 424 
Aootyluydrayidea, 420 
Aoctyliuos, 110 , 301 
Auobyl -77 pbenoticlino, OGO 
AcKibyluroa, 438 
Aolainlaojmbhi'oqiiiuouen, 780 
AoianMi(h», 660 
Aolohloriclfifl, 370 , 

Aoltl* Abletio, 200 , 707 

Aoetaldoliycledisulphonlo, 267 
Aoetio, 32 B 
AoofcoBOOtlQ, 300 
Aootouodiaoetio, 411 
Aoetonodioarboxylio, 411 
Aaotonotnaarboxyllo, 410 
Aootonlo, 380 
Aootuilo, 386 , 424 
AootyloneGarboxylio, SOI 
Aoetylcsnodloorboxylio, 370 
Ao 0 tylBalloyllG, 087 
Aoonitic, 370 , 411 
Aarldio, 764 
Aoi'ylio, 364 
Adipld; 367 , 302 , 730 
Allcylphoflphonlo, 242 
Allantmio, 435 
Alloobmmio, 688 
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^ooTpbduio, 366 
_ tfanlo, 433 
Iloxanlo, 436 

L AUylbutyno, 367 
lylHuoolnio, 37 -t 
Ammo G, 720 
Ammo E, 720 
Amlnoaaetlo, 370, 386, 423 
0 Amlnobeuzoio, 082 
AmmoethyUalpiionio, 257 
a AinmogfuUrio, 424 
a Ammo J3 hydroxypmpionlo, 424 
a Ammo 5 hydroxy volorlo, 804 
a Animoiflooaproio, 424 
AraiiioiiaphthttlonfltriBulplioiilo, 720 
AmlnonaphtholcUaulplinnla, 720 
Aminonaphtiiolaulpliouiu, 720 
a Amlnopropionlo, 423 
Amluoauooinlo, 424 
a Ammo fi tliiolootic, 300 
AraylMotylfinoaarboxyllo, 300 
AmyloiidoiilG, 300 
An^o, 360 
Anuidoooetio, 001 
Anlaio, 081, 087 
Anthraflftvinio, 733 
AnthronlUo, 082, 702 
Arabomo, 302, 627 
Araohidio, 320, 403 
Afiparbusj 4^ 

Atropio, GSI 

Azelaio, 306, 372 

Azoaolloylio, 082 

Azulmic, 427 

fiarbituilo, 436, 437 

Beliemo, 320 

Behenollc, 300, 862 

BonzanehexOGorboxylio, 078, 086 

Benzeneatoorosulphniiio, 608 

Bonzoneaulphonlo, 021, 037, 040 

BonzhydFoxamio, 081 

Benzillo, 720 

Bonzolo, 080 

Bonzoylaoeldo, 681 

BeAzoylformlo, 081 

BomylQneottrboxylio, 717 

Braasldlo, 300 

Braaayllo, 300, 365 

BroTnosuoolnio, 374 

Butylaoetylaiieoarbuxyllo, 300 

Bufcylfomarlo, 373 

Butylmoleio, 378 

Bulylnmlonlo, 860 

ButylHUOolnlo, 371 

Bnl^o, 348 

Oaoodyho, 242 

Oaflelo, 069, 860 

Caffetaunio, 438 

Camphorlo, 716 

OamphoTonlo, 370, 716 

Capno, 360 

Caprolo, 340 

Capiylio, 840 

Oarbamjo, 431 

Carbammlo, 431 

Carbolio, 638 

c Carboxyoiimamia, 728 

o Carboxyl^rDolnnamlo, 730 

Oarmimo, 793 

Ooroho, 351, 402 

Ostylmjalomo, 8O9 

Gbanbnoogrio, 473 
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Aold, CliolidoiuOi 74d 
Cliloroaootio, ‘170 
Clilorobonzolo, 082 
a (3 I 7 ) Chl<)n)butyri(i, 378 
ChlomoaTboiiiUr 481 
a , (3 ) Cbloroproploiilo, 378 
ClioJlo, 8U0 
ChromotroiKip 720 
Ciuohoinoronio, 74.1, 7C5 
Cuiolioulu, 704 
C'lomuiio, 078, 081, 083 
CltroooiuQ, 22, 375 
CitramoJlo, 400 
Citrio, 412 
CitroiioUlo, 307 
Oitrylldoiienuotio, 304 
Clove’s, 720 
Olupanndonlop 478 
CumaiuDp 743 
Couuialliilo, 74.3 
Coumario, 081, 088 
CutuDEvrinlu, 088 
Crotoiiio, 22, 354 
Cundniu, 081, 08.3 
Cyauio, 427 
Cyonoivootlo, 377 
(^anurlo, 4^, 431 
Qrologeraulo, 303 
Dahl’s, 720 

Doeaniotliylonotliaarboxyllo, 30fi 
Deouio, 31^ 

Dohyd^imclooonolo, 301 
Doaoxalio, 410 
DiaootuHUouliiiu, 41 1 
Diocotyloaudioarboxyliu, 370 
DlnootvMutarlo, 411 
Diolkylnhouphuniu, 242 
Dicdlylaoetlo, 303 
Dialuno, 480 
Diatnliiuoaprulo, 302 
DiaminosbubcuL^lflulnhuntu, 722 
3 Dlamliiovaleila, 302 
Dlatorobiulo, 400 
DlazobonzonofluIiOioDlo, 071 
Dlbafllo qumulMo, 753 
Dlbonzhydroxoinie, 054 
37 Diljromobutyno, 355 
33 Dlbrtnnopropionlu, 378 
Dluotylmalonlo, 300 
DiobluToootlo, 378 
aa (o3 iDlohloroimnnonlo, 375 
DiotliylbaibituriD, 740 
Dlethylmaleiu, 373 
Diothylnialonia, 360 
DlothylBuaomJo, 371 
DlgaUio, 680 
Dl^coiUo, 384 
a3 Dihydroxybutyrlo, 305 
DUiydroxyniEklonlt), 410 
a3 Dlliydroxypiiiploniu, 302 
Dlbydroxyate^o, 350, 300, 302 
Diliydroxvtartano, 411 
DLsoamylroalonto, 300 
DUaobntyJmalonlo, 300 
DiisobulylBuooinlo, 371 
Dlmethylaoetlo, 340 
^ Dimetliylaoryjlo, 350 
l^methyburBenlo, 242 
Dimethylfnmarlo, 375 
oa- (07-, 77 ) DlmeUiylltaooiilo, 378 
I^ethyunalelo. 376 
DimathylmaloiiiD, 800 
Dimethyloxamiiuo, 240 
Dhnethylparabanio, 430 
DlmetbylpBendeurio, 436 
Dlmetbylmioohiio, 871 
Dlmethyltnhydroxyoinnamio, 750 


Aoicl, Djiilootuuo, 743 

Djuitrobonzoio, 052, 701 
DJnitronaphtlialoiicsulpliorud, 778 
Dioetylinalonlo, 300 
Dipliemu, 710, 730 
Diiihoiiylooetio, 720 
Dlplionyloarboxybo, 070 
Diplooluno, 743 
Dlpropylmuloiilo, 300 
Dlpropylfluooinio, 371 
DitluiKHiLbumiOp 434 
Ditluuockrbonia, 433 
Dlthlooarbonybu, 433 
DndooainotliyleaocUoarboxybc, 305 
Duroneoarboxyllo, 081 
Durylio, 081 
Dlroofitoario, 304 
Klaldiu, m 
Enioio, 3(H) 

Eiytlulo, 102 
Etlianotrioorboxylia, 411 
Ethontblolio, 410 
ICtliautliioltliioLu, 410 
Ethylooetyloneoarboxylio, 300 
Etbyloarbonio, 431 
Etliyloiioamiuosuiphoulu, 424 
Etliylonulootlo, 380 
lUiliylonQBUOoliilo, 370 
Etbylfu marie, 373 
Etbylliydruxamlo, 427 
EUiylldonoaoetlo, 355 
EtJiybdenulaotlo, 380 
EtliylidoiLopTopiouio, 850 
EthylideiLGHiiueiniu, 37^1 
KthyJiflopropylnialonlo, 300 
a (y ) Ethylltnooiilu, 373 
IDtliyhnalolo, 373 
EtJiylinalomo, 300 
Ktliylmotbylc^otie, 340 
Etbylnitrlo, 230 
EthylHUQOuiiu, 371 
EtliylBiilplioiiio, 235 
EtliylsiilpliTirio, 108, 235 
J^liylBiilphui'mu], 235 
EuxautluDlo, 703 
Eeniliu, 080, 800 
Elavoaubydrio, 427 
]?onnio, 324 

ITornioLblob^druxainio, 420 
Eurmylaoetiu, 393 
lihUmmio, 428 
l(\imaria, 22, 374 
■G 720 

Galoetouio, 302, 534 
Galllo, 081, 088 
Gallolylgallio, ORO 
Gollotatmlo, 080 
Geramo, 358, 303 
Ginenlioptoiuo, 30.3 
Ginoonlo, 302, 531 
Glutaoonio, 375 
Olatomlo, 424 
Glutario, 300, 372 
GlycerJo, 220, .302 
Qlyoerophosphorlo, 268 
Qlyoooholio, 800 
GlyoolglyoolUo, 384 
Glycolllo, 370, 384 
OlyoolsulphTino, 260 
Gl^olurii^ 483 
Olyouronlo, 803 
Glyoxyllo, 803 
Gmonlo, 802 
E. 729 

EDematlslo, 862 
Eeonel^o, 681 

■rr 3 TUJ 
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Aoid, Heptolo, 349 

Heptylaoetyleiiooojrboxylio 
Heptylfluodnlc, 371 
HexanydmxyBteono^ 364 
HezAinethyleneoarbozylia, 702 
HoxADtatroloic, 302 
Hezylaoetyleneoarboxylloi 300 
HezylBUocunio, 871 
Hippurlo, 4^, 080, 662 
Homooamphorlo, 710 
Hydontoio, 438t 436 
Hydnocaipo, 473 
Hydiaorylio, 389 
Hydratroplc, 681 
Hydrozolo, 42 0» 484, 071 
Hydroolielldorilo, 411 
Hydrooinnivniio, 081 
Hydrooyfttilo, 427 
HydromoULtio, 080 
Hydromuolo, 373 
Hydromuoouio, 376 
Hydioparaoouinarlo, 081 
Hydnuyaoetio, 370, 884 
B Hydrozyaorylia, 300, 303 
Hydroxybenzoio, 681, 080 
a {/3 ) Hydroxybatyno, 380 
a-Hydroxyoopproio, 889 
o HydroxyoinnaiBio, 088 
Hydroxyratno, 410 
Hydroxyethylfiulphomo, 267 
Hydroxygallolylgalbo, 080 
a jf/B ) Hydroxy^utario, 400 
a HydroxyiBomityno, 889 
a Hydroxyifioyal^o, 380 
Hy^ozymalonlo, 300 
Hy^oxymethylflxiliJhonlo, 257 
a Hydroxymyristio, 380 
Hy^oxyc^ic, 300 
a l^droxypoliaitaa, 380 
IS Hydroxypelargomo, 300 
p Hydroxyphenylacetio, 087, 800 
a EMroxypropi^o, 380 
fi Bydroxypropionlo, 380 
a Eydroxy^ono, 380, 600, 607 
^dboxysuoomio, 360 
By^oi^toluio, 081 
a Hydroxyval^o, 389 
Hypogesio, 368 
lonthyolsiilphonio, 103 
Idonlo, 302 

Immocbthiooarbamlo, 433 
ImlnodlthiooBirboTuo, 433 
ImiaothiOGArbamio, 433 
IndoxylJQ, 760, 702 
fi lodopropionlo, 378 
laatio, 760 
Isatmio, 766 
IsethionlQ, 267 
Ifioamybnnlamo, 809 
iBoaathTaflavinlo, 733 
Lsobatylatloonlo, 876 
leobntylfumano, 373 
Isobutylmaleio, 373 
iBobntylniaJonjo, 306 
laobutylsucQinlQ, 371 
Ifiobnt^o, 340 
iBooiQ&omeronlQ, 743 
Isocazaiamio, 083 
laoorotonlo, 22, 366 
leocmknio, 427 
iBOOurfineoarboxyliOf 681 
laodnrylio, 681 
Isoeruoio, 360 
fl-(-j3)TBofnlTniiiuiJo, 420 
Isolinjolenli), 864 
laonlootlnla, 742 
Ibo oleio, 366 
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Aoid, iBoplitiialio, 021, 685 

iBOpropylaoflfcyloiieoarboxylio, 360 

leopropylfiiuiano, 373 
y laopropybtftconio, 373 
iBopropylmttlcio, 373 
Isopropylmaluiilu, 360 
iBOpurpurio, 605 
leosaoolianjiin, 3U2 
iBosuoobiio, 371 
Isotraohylolicj, 41)5 
iBOvalerfo, 349 
Itaaomo, 374 
Itamabo, 400 
J, 729 

Jeoorbilo, 364 
fi Ketobufcyrio, 106 
Laotlo, Sai, 380 
Laotobioiiio, 530 
*I^iigio, 807 
Laurfo, 320, 350, 362 
Leaolmo, 380 
Levullnlo, 300, 307, 530 
Ugnio, 002 
liignooerio, 320, 403 
Lmoleniic, 304 
Lluolio, 363 
Lupulmio, 194 
Lutidinlo, 743 
Lyxonlo, 302 
MalamiG, 421 
Malela, 374 
mJlo, 390. 421 
MaloDio, 308, 437 
Maltobionio, 636 
Mandello, 081, 688 
d-Mannonlo, 302, 534 
d-MannoBaoflbaTiuj 534 
Margano, 360 
Mfioonio, 743, 760 
Mellsslo, 361 
MeUltio, 034, 686 
MoUopluuilo, 086 
Keaaoonlo, 22, 374 
MositylGneoarboxy]! 0 | 681 
Moaltylonlo, 081 
Mesotartarla, 401 
Mbfioxabo, 300, 410 
Metaoryll^ 360 
Metasaooborinla, 362 
Mothionlo, 228, 257 
MetbylaoetylQuocarboxylio, 360 
a Me&ylao^lio, 366 
fi MethylaoryUo, 366 

0 Methyladlpio, 372 
Mothylbntylnialoiilu, 860 

1 Me&yloyDl()boxylldene-4 aoutlp, 20 
Methylcmralsulplioma, 257 

y Mothylonfl -7 mothylpyrotartarlo, 373 
McthylonoauQobuR, 374 
MethylothylglyooUlo, 389 
Mathylothylltaoonlo, 373 
Methylothylmolelo, 373 
Hethylothylmalonlo, 309 
* Methylfumono, 874 

Hethybaobutylmalonla, 300 
Mothyllsopropylmalelo, 378 
MethyliBopropylmalonio, 360 
a iy) MdUylitaoonlo, 373 
Metjiybnaleio, 374 
MothylTnalonlo, 860 
Hethylmethyleneaoetdo, 866 
Methylpropiollo, 861 
Methylpropybnalolo, 878 
HethylpropylmEdonia, 869 
Hethylraoo&io, 871 
MonoobloioaoetlD, 879, 888 
MonothiooarbaiiiLio^ 468^ ^ 
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Auld, Monotl\ioourlK)iuu, 4^) 
MorLotblnuaTboiiylaniiOi 4) I 
Monotlunoarbonylio, 11 ) 

Muoio, 410, 527, 5*14 
Aluoonio, 370 
Mynstio, 350 
Myronio, 800 

Naphthaleiietiiilphaniu, 72B 

Naplithalio, 730 

Noiphthiouio, 720 

Naphtlioloarboxylio, 728 

Naphtlioldiaiilphonlo, 720 

Naphtlioltrlflulphoiiic, 720 

NaphthylEvmiii^iHiilplionui, 720 

Naphthylamiuosiilplioiiio, 727, 720 

NaphthylenoduunbuKllHiilphomo, 727 

NapliUiyloiioilminJnotriHiirphoiuc, 727 

NovOIo^Wliitlior. 728 

Nlootip, 742 

Nluotinln, 742 

«j Nitrobonzuio, 082, 701 

0 Nltrooiiiiuumu, 701 

Nitroliydroxylaminto, 240 

0 Nitrophoaylaootlo, 700 

0 Nltropheiiy^opioUo, 084, 701 

Nonolo, 340, 300 

Nouylaootyloaiooarl>oxy]lo, 300 

Nndolo, 803 

Qjiianthio, 340 

Oloio, 358 

Aa^ Oloio, 350 

OiBelllnlo, 081 

Ozolaootio, 410 

Oxalio, 300 

Oxalario, 435 

Oxaruio, 421 

0 Oxynodlobonzoiu, 080 

Polmitio, 360, 500 

Parabauio, 4^, 430 

Paralaotlo, 380 

Parofiaooharluio, 302 

Paratartarlo, 401 

Pootio, 655 

Pootoaiulo, 555 

Polargonio, 340 , 

Pentadoooio, 820 
Pentamoibylbeuzotn, ORL 
Pentametliyldigallio, 000 
PontamothylenoaoQtio, 702 
Pontametliyleneoarboxylio, 702 
Pontylroalonlo, 300 
Perinaplithalouedloorboxyllo, 725 
Portliiooyanlo, 420 
Phellonlo, 015 

^-Phenanfchrenooarboxyllo, 735 
Phenylaoetio, 070, 081, 083 
Phouylamlnoaootlo, 001 


a Phonyl-i9 Iv 
a Phenyl o nttrooi 


ilomo, 740 
So, 735 


a Pnenyi o nitrooinoamio, lao 

Phenylmd'O-diaarboxylio, 084 

Phenyldyoine o oarboxyllo, 701 

Phenylpropiolio, 634, 678, 681, 084 

PhfiuylBnl^aminlo, 661 

Phenylsulphurlo, 643 

Phlorogluolnoltnoarboxyllo, 646 

Phthallo, 684 

PiooUnlo, 742 

Pioramlo, 666 

Piorio, 803, 664, 778 

Plmano, 707 

PimoUo, 865, 617 

Pinonlo, 707 , 

Pipeilo (plpennlo), 678, 089, 748 
nperonylio, 687 
Pivallo, 340 ^ 

PrehnlMo, 685 
Prehnltineoaibozyllo, 681 


Acid, Prohnltyho, 681 

(ts l^npanotrloauboxyliu, 411 
H Propanotnoarboxyho, 870, 4L1 
lh:opargyl[Q, 301 
Proplnoio, 301 
Proplolio, 301 
Proplonlo, 348 

Propylaoetylouooarboxylio, 360 
Propylfumarlo, 373 
PropylltaooDlo, 873 
Fropybnaloio, 873 
Propylmnloma, SO0 
Propylanoonuo, 871 
Protalblmo, 760 
Protooatoohulo, 681, 087 
PBeudoiirio, 437 
Purpiirio, 435 
jS Pyridlueaulplionlu, 742 
PyroQinohonio, 376 
Pyropdllo, 045 
P^oiignooufi, 335 
P^omooonlo, 743 
PyromoUitia, 085 
Pyromnoio, 737 
Pyrotartarlo, 872 
Pyroteroblo, 357 
Py^glntamlo, 730 
a-P^olidlneoarboxyllo, 780, 804 
a' Pyrrolidono-tt-aaiboxyllo, 789 
Pyriivio, 3^, 300 
Qoiuio, 702, 762, 754 
Qulaollneoarboxyllo, 764 
QuluoUno-a 6 dianiboxylic, 764 
Qulnolliile, 7^ 

K, 720 

Koaomio, 21, 400 
Bhaiunohoxonio, 303 
Bhodoido, 420 
Bhodinio, 358 
lUboiuo, 302 
Eluinolaldlnio, 390 
lUcdniBoleio, 404 
BiolnololQ, 800, 404 
lUoinoloinBulphotilo, 800 
UooqqIIIo, 306 
Rosolio, 721, 705, 784 
Bubeanhydrio, 427 
Buboiytlmo, 784 
BoOgullo, 783 
SoooWrlo, 410, 531 
Saooharinio, 302 
tiaUoyUo, 212, 080, 081, 080 
»antallo, 703 
Haroolaotlo, 380 
Sativlo, 804 
Soli&£tor*B, 729 
Qoboolo, 358, 866, 372 
Siuapio, 760 
Sorblo, 363 
Sozolle, 607 
Stoario, 350 
Stearolle, 358, 862 
Suberio, 806, 372, 617 
Suooina^o, 421 
Suoolnlo, 870 
SulphanlUo, 037 
Sxdpho-oloLG, 505 
Talonto, 802 
Tannic, 680 
Tarirla, 862 
Tartarlo, 21, 400 
AitlOoi^ 410 
Manufaotnre, 407 
Tartronlo, 220, 800 
Tanrodhollo, 257, 424, 860 
Teliairlo. 364 
Teraoomo, 878 

, ■ ' ' - l-il i . , 'd ^ 


4 i 

i ^ 



872 INDEX 

Aoid, Teraoryllo, 367 
Terobio, 367, 716 
Terebinlo, 400, 707 
Tereplithalio, 086, 707 
Terpoaylio, 367 
TelxabromoBteano, 304 
TetraoetyleoiediQarboxylio, 370 
Tetrahy^ozyhexahydrobmzoio, 702 
Tetrahydrozysteario, 304 
O'etroho, 366, 301 
Thioaoetio, 410 
Thiooyanio, 420 
Thiooyamirio, 429 
TigUo, 367 
Xdnio, 081 
Traoliylolio, 406 
Tnoaxuallylia, 303, 370, 411 
Trlohloroaootlo, 378 
Tiiliydroxybenkolo, 088 
Trlhydroxy^lntarlo, 410, 628 
Trihydroiyiflobutyrlo, 626 
TrimoUitio, 686 
Trlmeaio, 303, 086 
TrunethylooetJo, 340 
Trunethylenodioarboxylio, 010 
oo^ TrimethyltnoarbaJlylio, 376 
TrlnitiTobentoiQ, 082, 701 
Trithiooarbomo, 433 
Tropio, 681, 740 
UmDellio, 080 
Undeo^no^o, 368 
Undeooio, ^0 
Uiideoolio, 301 
Urio, 486,‘ 740 
Valerio, 840 
Vamibo, 087 
Veratrio, 687 
Vi^laoetio, 364 
^ Vmylaorylio, 308 
Violuno, 487 
Xanthlo, 434 
Xanthoma, 434 
Xyho, 081 
Xylonio, 302, 627 

Add-nJbumjna, 868, 802 

Aold holldos, 379 

Aoidol, 424 

Aoidfi, Affin ity oonstants, 321 

Heat oi neutrallfiation oi oiganio, 26 
Alkylsiilphomo, 233 
Alh^lsulphnrio, 236 
Ammo, 422 
Ammobenzoio, 682 
Antbraoeneuarbozyldo, 733 
Anthraoeuesulpliomo, 733 
Anthraqomonoanlphonlo, 733 
Aromatio, 071, 678 
Aaobenaolo, 682 
Benzonedioaiboxylio, 678 
Benzenetotraoarboxyllo, 086 
Bonzenetnoarbcu^lic, 678, 685 
Benzoylbenzolo, 720 
Xhaaobenzolo, 082 
DlbBfilQ, 234, 684 
Dibydroxybonzoio, 087 
DihydroxydnnazDio, 080 
Hibydroxysteaiio, 880 
Biolefflnddiofurbo^^llo, 370 
Dlpheuyloarboxyno, 710 
IHphonylBiilphomc, 710 
Halogenatea, 877 
Heptonio, 303 
Hexabromofiteano, 304 
Hexahydroxysteana, 804 
Hexonio, 392, 624 
Homoaapartlo, 426 
Hydropnthalio, 701 


Aoida, Hydroxamio, 240, 427 
Hydroxiraio, 427 
Hydroxy, 383 
Hydroxybeuzolo, 087 
HydroxyuaphtlioloTieoarboxylio, 720 
Hydroxynaphtlioio, 780 
HydroxyolfillneGarboxylio, 380 
Hydroxypyridmooarboxylio, 743 
Inaolubfo mtty, 461 
a Ketoma, 306 
/3 Ketoma, 306 
7 Ketomo, 300 
Ketomo dlboaio, 410 
Lactio, 20, 386 
Liquid fatty, 402 
Monobaaio, 234, 080 
MonobaHio nJdohydiL, 303 
MonobaaiG kotomu, 304 
Naplithalonosulphonio, 728 
Naplitbemo, 702 
Naphthoio, 730 
Naphtholsulphoiiio, 720, 780 
Nitrated beii^oiu, 701 
Oieflncaarboxylio, 361 
OleOnediGarboxylio, 373 
PentoGorboxyllu, 743 
Pontolo, 624 
Phenolic, 070 
PhenolsulphoniG, 043, 007 
PhthaJlo, 078, 084 
Polybaaio aroniatia, 084 
Polybasio fatty, 304 
PyrlduiBoarboxybo, 742, 743 
P^otartorio, 872 
QulnolmebenzooarboT^lJQ, 764 
Quinolluecarboxyilc, 764 
Saturated diboaio, 304 
Saturated monoboaia fatty, 310 
Buoolnio, 370 
Sulphobenzoio, 082 
Sulplionlo, 235, 030 
Tai^no, 21, 400 
Tetrabodo, 370 

Totrahydroxypontaiieoarlioxyllo, 302 
Toiiuo, 083 
Triboaio, 234, 370 
TrUiydroxyoiniiaiuiG, 080 
Unaaturatm dibafde, 373 
Unfiaturatod monobaaio fatty, 361 
Unsaturatod inonuboaiu, uf blio HonoB 
4O1, 300 
Volatile fatty, 400 
with two double boiidn, 302 
ivlth three double bdudti, 304 
with triplo Imking, SOO 
with unsaturatod side oholn, 070 
Xyho, 083 
Aoolne, 761 
Aoomtlno, 745 
Aoonlhini napellus, 87j9, 411 
Aoraldehyde, 261 
Aondine, 706 
Aorldmes, 700 
Aom leTn, 261 
Aorolelnammoma, 262 
Aorolefnanillne, 763 
Aoxose, 303, 620 
Aotivatc^ 607 
Adamaite, 060 
Adenmfi, 436, 441 
Adonitol, 620 
Adrenalme, 746, 746, 761 
Adrenalone, 747 
AeBouletln, 680, 860 
Aesoulm, 660, M6 
Affinity oonaWta, 321 
Ag^uhnins, 139 
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uottor 414, 4in 
AW, UBS 
Alaalno, 380, 423 
Albaimn, 711 
Albumin, Living, 187 
Albuminntofl, BU2 
AlbumlnoldB, 8U7, 803 
Albiunlufl, 800 
AlbumosoH, 608, 802 
Aluobol, Abunlute, 130, 172 
Aootolfiopropyl, 308 
Aootoiio, 307 
Ally!, 210, 327 
Aj^I, 120, 100, 210 
Auyo, 077 
Bonzyl, 074 
Butyl, 125, 120, 214 
CAproy], 210 
Oapryl, 210 
Caniauby], 470 
Ooryl, 120, 210, 470 
Ckibyl. 210, 402 
Ooulforyl, 001, 078 
Cumyl, 074 
Doo) 4, 120 
Donaturod, 170 
Dodooyl, 120 
Kbhyl, 130 
Dluurono, 070 
ITiirfuryl, 737 
Gluoovanlllyl, 078 
Glyoido, 208 
Hopbyl, 120, 210 
Hexodoovl, 120, 210 
210 

Hycfroxybonzyl, 077 
laobubyf, 120, 215 
IsoUoxyl, 710 
Isopropyl, 120, 214 
Lionom, 479 
MoliBsyl, 210 
Methyl, 127, 173, 704 
Mouooliloroobhyl, 200 
Myrloyl, 120, 216 
Nonyf, 120 
Ootodeeyl, 120 
Ootyl, 120, 210 
Oonanbhyl, 210 
of orysiHuliBabion, 120 
Pontweoyl, 120 
Phtliollo, 674 
Propargyl, 210 
Propyiri20, 214 
Sbyryl, 674 
Tetrodeoyl, 120 
Tolylene, 074 
Trldeoyl, 120 
Undeoyl, 126 
VanllLo, 077 
Vinyl, 216 
Xylylene, 074 

Aloohol, Amylo proeoas, 166 
Denaturation of, 176 
Effront process, 107 
Fiscal reffolatlonB, 170 
from bee^ 106 
from oololum oorblde, 171 
from frnib, 167 
from lees, 160 
from molasses. 166 
from sulphite 169 

from yinosse, 1^ 
from vine, 169 
from vood, 107 
InduBtrlal preparation, 140 
meters, 173 
motors, 178 

YOL, n. 
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Alcohol, RectiOoation, 104 
SoUd, 131 
Btatiatus, 170 
Synthetio, 171 
T?OBta, 172, 174 
Wludifloh’s Table, 176 
Yield, 163 
Alcohols, 123 

Aldehydio, 398 
Aromatio ketomo, 074, 077 
Constitution, 124 \ 

Darivatlvoa of monohydno, 220 
of polyhydrio, 260 
Bihydno, 216 
Higner monohydno, 214 
K^mc, 804, 307 
Nomenclature, 126 
Polyhydno, 217, 224 

oldohydio, or ketomc, 023 
Pnmary, 124, 126 
Saturated monohydrio, 124, 120 
Secondary, 124, 126 
Tertiary, 124, 126 
Tetrohy^o, 224 
Tolylene, 074 
Tnhydno, 217 
Unsaturated, 210 
Alooholene, 176 
Aloohollam, 130, 184 
Alcoholometer, Gay Lussoc, 174 
Tralles, 174 
Alooholometry, 174 
Aldehyde ammonias, 246 
Aldehydes, 110, 124, 243, 244 
•Aromatic, 674 

Determination by Stroohe's method, 266 
Phenolic, 677 
SohiS*B reagent, 240 
^rith unsaturated radicals, 261 
Aldehydmo, 741 
Aldehydo catalase, 134 
Aldims, 077 
Aldlne, 743 
Aldlne^ 076 
Aldohezoses, 624, 620 
Aldokatenoa, 266 
Aldol, 303 
Aldols, 246 
Aldoses, 624 
Aldoximos, 246 
Alembics, 166 
Alfalfa, 607 
Algs, 68 
Al^rovilla, 690 
Aliphatio compounds, 29 
Alizarin, 733, 778, 788, 787 
osteol, 800 
cyanine, 787 
liisol, 800 
saphlrol, 800 
Alkaloids, 14S 
SyutheslB, 744 
Table, 746 
Tests, 744 
Alklnes, 742 
Alkoxldes. 124 

Alkoxy groups, EsUznatlon, 042 
AlkylWides, 114 
Estunatlon, 120 
Alkylanthrohydrldes, 733 
Alkylenes, 100 
AlkylhydrazlneB, 241 
Alkylhydroonthianols, 733 
Alkylhydrozylamlnes, 241 
AlkyUrouxeasi 482 
Alkyls, 80 
AUantoln, 486 
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AUoae, 100, 374 
AUolBomensm, 21, 22 
AUoxim, 435, 740 
Alloxanthlne, 436 
AUyl bromide, 123 
ohlonde, 123 
iodide, 123 
ifiothiooyajiAto, 480 
mofitard oil, 480 
thiocyanate, 430 
AUylonilme, 70S 
AUylane, 110, 376 

Almonds, oompoaition of sweeb, 482 
Abm, 800 

Alypme, 119, 740, 761 
Amaranth, 780 
Amber, 870 
Amlda^ 183 
Anudea, 263, 419 

of oarbomo add, 431 
of hydroxy odds, 421 
Amidlnea, 238, 426, 426 
A mi do oblorldes, 4^ 

Amidol, 664, 066 
Amldoxunes, 427 
Amiinides, 4^ 

Amines, 230 

Aromatlo, 654 
Amino-adds, 419 

DerivatlTeB of, 422 
AmJnoanisolos, 060 
Amlnoazobenzene, 072 
Ammoszobenzenos, 608 
Amlnoazo denTatlTee, 671 
Aminoazonaphthalene, 727 
Amlnoazotomones, 668 
Ammooctylbenzene, 055 
Ammo-derivatives of aromatio hydrooarbons, 
654 

Amlnognamdine, 434 
Arnuumaphthols, 728 
Ammo o^dole, 700 
AminophenolB, 086 
Aminothlazolo, 740 
Ammothiophondfl, 007 
Ammolido, 431 
Ammdlne, 481 
Ammonlam acetate, 345 
carbamate, 431 
oyanate, 4!^ 
imthyoisnlphotiate, 103 
plorate, 065 
thiocyanate, 429 
Amygdalin, 130, 865 
Amyl acetate, 459 
Axnylaaetylene, 309 
Amylase, 133, 134 

Amylbenzene, 628 , 

Amylene, 109 
hydrate, 216 
Amylodextnn, 141 
Amybid, 600, 000 
Amybmyoes Eomdi, 166, 160 
Amylo process, 166 
Aneesthesia, 114, 118, 740 
AnesstheBin, 751 
Anceathesiophore, 751 
AniDsthetLoe, 118, 746 
Mild local, 761 
Ajialgen, 764 
AnalysiB, Elementary, 8 
(^aJltatlTe, 7 

Quantitative, 8 ^ 

Anethole, 044 

Anebhum fosmooLiun, 700 '' 

Anhy^ide, Aoetlo, 380 
‘Benzoic, 680 


Anhydride, Batyno, 381 
Cfeprolo, 881 " 

Capryllo, 381 
Diglvooliic, 384 
BoudIo (diketopiperasune), 860 
Qlntano, 366 
Isobutyrio, 881 
IbovoI^q, 881 
Launo, 381 
Myrlstlo, 381 
Qsnanthio, 381 
pBJmitLo, 381 
Pdargonlo, 381 
PhthSio, 084 
ProlylglycoooU, 864 
Pro^omo, 881 
Pyrooinohonio, 373, 876 
Pyromdlltio, 086 
Bahoyho (internal), 087 
Stearic, 881 
Suocinio, 306, 371 
Tnmethylaootlo, 381 
Anhydrides, 380 
Internal, 380 
Mixed, 380 
Anilides, 601 
AniUne, 667, 600 

Homolonuos of, 001 
hydroodonde, 660, 670 
nitrate, 070 
oil, 650 

platlniohlorldo, 000 
salt, 060 
Bulpbato, 000 
AniaaJdwydo, 077 
Aniaidines, 606, 600 
Anisde, 042 
Annatto, 477 
Anterea mylltto, 818 
Anthracene, 731 
dedvadvoB, 733 
Anthraohryaone, 733 
Anthraflavone, 789 
Antbragallol, 783 
Anthzahydroquinonea, 733 
Anthiamine, 738 
A-ntbrnnil, 682 
Anthranol, 738, 734 
Anthrapurpsrin, 733 
Anthiaqui^nes, 733. 706 
Anthraqnlnonlmide uerLvatlyoa, 789 
Anthrarufin, 788 
Anthrols, 783 
Anthione, 783 
Anfdaldoximea, 263 
Anti bo^Uea, 138 
Antdohlor, 830 

Antidiazo p dilorbenzene cyanide, 600 

Anttdlazotates, 060 

Antlfebrlu, 061 

Antiketodmea, 263 

AntUactoae, 138 

Antlmorphine, 138 

Antinonmn, 778 

Antipepsin, 138 

Antipyrlne, 678, 780, 746 

Antique purple, 788 

Antirannet, 188 

Antirirrln, 188 

AntiseptloB, 161, 640 

AntiBOTom, 863 

Antitoxiiis, 138 

Apisenm, 766 

Araban, 627 ^ * 

Arabinose, 626, 629 

benzylphenylhydrazone, 527 
Ailabltol, 225, 626 , 628 
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AToohis nula, 400, 000 
Arbutdn, 800 
AiohU, 040, 702 
ATguLino, 302 

Arifibooluii, 763 , 

AiiBbol, 643 

Aromatic oompoimdB, 20, 018 
Arrook, 160 
ArHlueB, 242 
ArtLOoi^ liair, 820 
ivory, 361 

pariihouogonosifi, 138 
AHofootido, 0& t 

ABooinyoetoa, 133 
Afloptol, 007 
Afipora^ue, 20, 424 
Aapartamido, 425 
AaporgUius goilornyuea, (iSS 
orywD, 150 
Afipholto, 00 
Artilloiol, 00 
nmstlo, 00 
Aapholtito, 100 
Aspirin, 087 
Aatatki, 77, 86 
AByinmetno ByntheBea, 137 
A^mmetry, Abaoluto, 22 
Beiatlve, 22 
Atole, 100 
Atmctylln, 248 
Atropa belladonm, 740 
Atropine, 745, 740 

Attenuation of fermeutod liquids, 163, 154, 207 

Auramlne, 720, 784 

Aurantia, 060 

Aurino, 721, 784 

Austroleno, 707 

Auxlmonos, 867 

Auxoohromea, 706 

Axite, 302 

Asides, 420 

Aslmlnobeuzeno, 057 

Aslmlno oompounds, 067 

Aslnes, 786 

Azobensene, 607 

Aso oormlno. Add, 800 

AzoooohlnoaJ, 065 

Aso deriTatlyea, 667 

Azodloorbonamide, 434 

Asoeosln, 665 

Azoflavlne, 700 

Azofachsliies, 781 

Asolmide, 241, 426, 434, 071 

Asolitmln, 702 

Asorabin 6, 780 

Azotoluene, 667 

Azozosolfi, 740 

Aso^^d^^l^ves, 007 
Baqillus aoetlouB, 146, 340 
ooidi IffiTolaotnol, 380 
oaididoans longlfiBimuB, 162 
butyliims, 214 
DdlbQokii, 140 
ethaoetlouB, 362 
saprogones Tint, 404 
Baotena, Aoetio, 146, 340 
Butyrio, 146 
Obromogei^, 183, 775 
Lootlo, 146 
pathogenic^ 188 
j^prrauotion, 188 
Saprophytlo, 188 
Z^^og^o, 188 
Baoteriology, 182 
Baekelite, 870, 641 
Bagasse, 641 


BoJato, 711 
Bullbig’s Table, 20U 
BoiUsuto, 300 
Haplna nltlda, 704 
Barley, 102 

Malting of, 106 
Borwood, 704 
Bases, Aldohydo<, 057 
Aimnio, 230 
Aimnonlnm, 230 
Araomum, 242 
Imlnlo, 230 
Nitrlllo, 230 
Primary, 230 
Qimtornary, 280, 057 
Seoondary, 230 
Tertiary, ^0 
Vogotablo, 743 
BathoohrumoB, 764 
Bookinunu roanangojuout, 253, 070 
Beer, 101 

AIuuliol free, 211 
Anolyslfi, 211 
Attenuation, 2(^7 
Oaak pltoliing, 200 
Composition, 211 
'Doteotion of antlsoptioa, 212 
■Pomontatlon, 204 
Madilu^ 201 
Posteurmtlon, 210 
Rooking, 200 
StatlsUos, 212 
Boot, 543 

Oultivatton, 544 
sugar, ]^tQ^ of, 630 
Boot-pulp pinsB, 651 
Bonsai chloride, 030 
Bonsalaoetono, 076 
Bonsolaeotoplmaono, 070 
Bensdazlno, 677 
Bemoldehydo, 074, 080 
hoiuofoguos, 076 
plionyUiydrasoiio, 077 
Bonmdoxlino, 076 
Bensamido. 061 
Bousanlll^, 001, 681 
Beusonthrone, 780 
Beuyoslde, 082 
BeuzouQ, 622, 630 
Artlflolal, 631 
Bromo dklvativoa, 035 
OhJoro derlvatlvos, 635 
Pydio formuJee, 018 
derlvatdveB, 618, 635 
Ghomotors of, 021 
ITormatlon of, 022 
iBomodam of, 620 
from naphtha, 87 
lodo-donvatlyeB, 085 
Nitration of, 648 
Pure, 633 

Bulphooblorlde, 087 
Testing of, 082 
Benzeueaziinlde, 071 
Benseneazobensene, 607 
BenzeneBulphonomldes, 687 
Beushydraslde, 662 
Benshy^ol, 676 

Totramethylduuuino-derlvatlve, 710 
Bensldani, 667 
Bensddlne, 666, 718, 770, 781 
BeoslL 728 

Examine, 728* 

BensuninaBoloB, 667 
Benzine, Ckudo, 84 
Benzo-asnilii, 710, 784 
blue, 601 
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Bonzo blne^blaok, 801 
brovTO Bj 802 
flavinei 781 
fnrfniaii, 755 
orange, 801 
puEpimn, 710 
0 Benzoiioau^hlimde, 682 
Bonzolii, 722 
Benzonitrile, 671, 670 
Benzophenone, 675, 710 
oxime, 670 
Bonzoplnaeone, 675 
Bonzopyrrole, 755 
Benzoquinone, 647 
Benzothiopben, 755, 756 
Benzotriomoride, 030 
Benzoyl, 15 

onlc^de, 081 
Benzoylaoetone, 070 
Benzoylazoimide, 082 
Benzoyloarblnol, 078 
Benzoylfialioin, 800 
Bonzoyltropine, 740 
Bemyl bromide, 035 . 

ohloTlde, 685, 653 
iodide, 035 
Benzylamine, 002 
Benzylaniline, 660 
Bemylgluoodde, 535 
Benzymvdrazlne, 673 
Benzylphenylamlne, 660 
Benzylpheiwlhydrazliio, 078 
Berbenne, 745 
Boigamot, 418 
Ben-ben, 867 
Beta marltlina, 648 
vulgane, 540, 543 
Betaine, 386, 428 

hydioohlorlde, 423 
Betol,728 

Bde oomponndfi, 860 

BiHfucluAi, 860 

Bllinenrine, 257 

BUinibln.860 

Biliyerdlu, 866 

Biogen thk>ry, 137 

Bifl^ oompounds, 068 

Bismuth tribromophonoxide, 122 

Bisulphite aldehyde oomponnde, 244 

Bitumen, 00, 630 

Biuret, 4^ 

Blza Orellana, 477 
Blaok, Add azo, 708 
Alizorm, 787 
Aniline, 780, 855 
Animal, 508 
Anthiaoene, 708 
Biebrloh, 720 
Bone, 566 
(^banone, 700 
Columbia, 801 
pyamde, 104 
iBamlne, 801 
Diamond, 728, 720, 781 
Fine, 787 
Immedial, 801 
Napbtba&vrln, 720 
Napbtbol, 720, 781 
Naphtbylamine, 781 
OxMation, 787 
Pinto, 801 
Sulphur, 664, 701 
'^dal, 801 
Zambesi, 801 
BlanUte, 642 
Blaatomyoetes, 133 
Blood, 137, 706 
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Bloodstams, Ideutlfloation, 802, 863 
Blue, Add, 006 
Algol, 780 
Aliwvrin, 7B7 
Alkali, 800 
Anthiaoeno, 787, 708 
Capn, 786 
Carmine, 784 
Chrome, 728 
Giba, 788 

Diamine, 728, 720, 801 
Diaminogen, 729, 801 
Diamond, 720 « 

Diphenyl, 060 
Fine, 787 
Immedial, 801 
Indonthroae, 780 
Indrone, 790 
Janos, 800 
Jet, 727 
Lanooyl, 800 
Moldota’s, 700 
Methylene, 772, 786, 700 
Naphthazann, 720 
Naphbhol, 727, 786 
Naphthylamine, 781 
Night, 727 
NJe,800 
Oxonune, 801 
Oxidation, 787 
Patent, 7M 
Pluto, SOI 
Sulphur, 801 
Vlotoria, 727 
Vidal, 067 
Wool, 727, 800 
Zambesi, 801 
Boghead ooal, 100 
Boulng-point, 2, 25 
Bombyx morl, 813 
Boot-poUah, 672, 024 
Bordeaux, Clha, 788 
Indanthrene, 789 
Borneol, 714, 710 
Bomesitol, 647 
Boudlneuse, 284, 300 
Bradolytffi, 721 
Brandy, 100 
Brazilein, 793 
Brazilm, 793 
Bntiah gum, 697 
Bromoaoetylene, 123 
BromobenzouM, 686 
4-Broniomethylfurfural, 628 
BromoBtyreno, 036 
Bronze, IMamlne, 802 
Brovn, Alizarin, 783 
Anthrooeno, OBB, 783 
Bismaroh, 657, 002, 780, 700 
Oibanone, 700 
Diamine, 802 
Indanthrene, 700 
Janos, SQi 
Pluto, 802 
Pyrogen, 802 
Smphui, 802 
Tbiaadne, 802 
Brudne, 745 

BraaselB Sugar Convention, 575 
Bulganan fement, 687 
Bul^diene, 118 
Butandilue, 114 
Butandlone, 398 
Butanes, 37 

Butanolono, 808 ' 

Butanols, 214 ^ 

!$utanone, 25p ' 
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Butontetrol, 225 
Butonoa, 100 
Butter, 474 

Anolysifl, 470 
ArtlOoiol, 470 
Ooooo, 437 
Coconut, 408 
Dogroo of rancidity, 404 
llonovatwl, 477 
Butyl lodldoQ, 117, 118 
Butylbonzono, 023 
Butylones, 100 
Butyramido, 421 
Butyroflavlue, 471 
Butyrolootuno, 884 
Bntyromotor, Glorbor, 470 
Butyrorofrautnniotor, ZoLbu, 403 
Butyryl ulilnrldoa, 380 
BymuB, 820 
Oaoao butter, 437 
CooJlou do Laval, 700 
Immodlal, 802 
Sulphur, 802 
Oococ^l, 16, 242 
cnlorldo, 242 
oxido, 242 
Cadavorino, 207 
Oadmiuin bromoxylonato, 027 
Callelno, 438, 746 
Oaloinni acetate, 337 
bouKOato, 022 
biit^to, 348 
oarbldo, 111 
citrate, 416, 417 
ojTOuainldo, 430 
mlaetato, ^8 
othoxldo, 214 
formate, 828 
lootote, 388 
oxalate, 308 
tartrate, 401 
Calendars, 840 
Oolorlmetor, Junker’s gas, 01 
Oampooohy, 701 
Oampbaoe, 708 
Oampheno, 708 
Oampholldo, 710 
Camphor, 716 

Artifloial, 707, 717 
Camphors, 714 
Camwood, 794 
Oandellte, 482 
Candles, 010 
Paraffin, 613 
Stearino, 011 
Tallow, 010 
Cannabis sativa, 812 
Canneleoal, 100 
powder, 300 
Cantl^rl^ 800 
Caoutchouc, 708 
Oapillarlmoter, 170 
Caprylene, 100 
Caps, 800 
Cctfamel, 531, 533 
Carone, 706 
Carbamide, 482 
Carbamldyl ohloride, 432 
Carbaslde, 488 
Oarbazole, 680, 710 
Carbenes, 00 
Carblnol, 125, 127 
Corbooyollc compounds, 20 
Corbomlmldo, 18, 480 
Carbodlphonyllmlde, 430 
Cor^dynamlte, 284 
Carbohydrates, 628 
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Oivrbnhydrozide, 433 
CarbnlhiBiim, 030 
Carbon, Asymmetrlo, 10 
oh^ns, 10 
Estimation, 8 
sulphochloride, 433 
totxachlondo, 122 
Valonoy, 16 

Carbon oxychloride, see Fhosgoue 
C^bnnio c^d esters, 431 
Carbonisation of textiles, 805, 830 
Oarbomte, 284, 307 
Oarbonltf^ 300 
Carbonylqulnino, 753 
CacbostyrJI, 764 
Oarboxyhoomoglobin, 803 
Carboxyl, 124 
Carbyl sulphate, 267 
Carbylamlnos, 238, 000 
Carone, 700, 714 
Oarotlu, 815 
Cart gTBHso, 08 
Carvaorol, 044 
Carvaorylainlno, 050 
Oarvono, 703, 706 
Oarvol, 714 
Carvomonthol, 714 
Carvomouthono, 714 
Carvonc, 714 
Coryophyllono, 708 
Oosolu. 474, 827, 801 
Vegetable, 801 
Oastar oil, 300, 408 
seeds. d82, 007 
Catalases, ]36 
Catalysts, Biy, 468 
Inorgonlo, 130 
Moist, 467 
Ownlo, 130 
Oatooh^p 000, 806 
Catoohu, 001, 704 
Oe^ono, 708 
CoUase, 134 
Oelllte lUms, 000 
Oolloblose, 000 
06llophaiL& 827 
CoUose, 000 
Oollulold, 717 
Oollidoso, 508, 824 
acotato, 600 
Estimation of, 005 
formate, 000 
hydrate, 001 
Wood. 003 
Oonbrifugos, 606 
Oomslu, 00, 106, 707 
Cereals, 8taroh content, 141 
Ocrobrln, BOO 
Carotene, 109 
Corotln, 216 
Ooryl corotate, 210, 460 
Cetyl palmltato, 400 
Oetylbouzene, 023 
Oevadlne, 760 
Oholkone, 076 
Ohomberland flasks, 147 
Chamoising, 608 
Ohampy drums, 272 
Ohappe (silk), 816 
OharooaJ, Animal, 668 
Vinasse, 671 
Wood, 208 
Char^usB, 100 
Cheddlte, 306 
Cheese. 474 
701^474 
Margarine, 471 
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Ohealaiat, 690, 091. 

Ohloa, 100 
Ohlnc^Bo, 620 
nhitan^ 866 
Ohitoaonf 866 

QhlamydomuoofT oryzos 166 
Ohloraoetanllide, 061 
Chloral, 261, 740 
hydrate, 251, 746 
Ohlor^mido, 421 
Ohlorainidefl, 288 
Ohloroinhydrldea, 370 
OhlorBinU, 648 
Ohloreitone, 110 
Chlorhydrinfl, 107, 217, 267 
Ohlormudes, 288 
Ghlorobenzenes, 036 
Ohlorooruorln, 137 
Chloroothane, 117 
Chloroform, 118 
Floteb, 110 
Teats, 120 
OhloromethflJiB, 110 
a Chloronaphthaleufi, 726 
Chloronitrobenzenes, 063 
Chlorophyll, 133, 704 
OhloTophyllBae, 794 
Chloropiorm, 2^6 
a C^ropropylooe, 128 
Chooolal^ ^7 
Cholesterol, 860 
CboleBtrophane, 436 
Choline, 267 
Chromatio oirole, 774 
Ohromogens, 704 
Ohromone, 766 
Chromophorea, 706, 704, 700 
Chromotrop, 781 
Chronograph lo Bonlengd’s, 317 
Chrysanune R, 718 
Ch^azin, 733 
Chrysazol, 788 
Chryaene, 780 
Gh^aln, 766 
OhiyBoidm, 667, 770 
Ohryaoidlui^ 068 
Ohr^oln, 780 
Ch^flophenln, SOI 
Cider, 100 

Omoliona alkaloids, 761 
dnohonldine, 752 
dnohonlne, 745, 761, 752 
CLneno, 704 
Cineol, 716 

rHnnA.mftlfiBh ydftj 076 

Cinnamylooooine, 750 
Cmnamyleogonine, 760 
Citral, 216,^2, 410 
Cltratee, 418 
Oitrene, 703, 706 
Citromyoea dtrioos, 41 2 

PfefierlanuB and Glaber, 412 
Oitronellal, 262, 35B 
Oltronellol, 216 
Oitma hm^amia, 418 
industry, 413 
llmetta, 413 
limomum, 413 

dasaifloation of organio sabstanoea, 20 
dovene, 708 
dapeln, 802 

Coagulation, Enzymio, 184 
Ooa^ Cannel, 100 
dust in mines, 34 
for gas, 30 
Coal gas, 38 
Coal-tar, 00 
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Oooa leaves, 761 
Oooaine, llh 746, 750 
Ooooi, 138 
Cooous oooia, 702 
Coohineal, 702 
Ooooa, 487 

Cooount, Composition, 462 
oil (or butter), 408 
Ooooons, 813 
Oodaonine, 760 
Oodeino, 746, 760 
Co-enzymes, 140 
OcQTulelii, 771, 772 
Oasmllgnone, 710 
CoSee, 438 

substitates, 430 
Cognae, 100, 101 
Cololmime, 746 
CoUagens, 864 
OoUlmnes, 742 
OoUodion, 821 

cotton, 286, 204, 821 
Ckilophene, 708 
Colophony, 618, 707 
Colonmot^ 8^ 

Colour theory, Oatwald’s, 773 
Bosenatiehl's, 774 
Colouring matters, 704 

Aoi ominoanthraqninono, 780 

Aold, 768, 778 

Aondlne, 787 

Adjective, 772 

Ammoazo, 770 

Azo, 778. 770, 780. 700 

Baaio, 768, 778, 700 

Benzidine, 781 

Benzo, 781 

Chromol^p, 781 

dossiOoatl^ of, 778 

Conmarin, 787 

Diamine, 781 

Dlanil, 781 

Dipheaylmethaao, 783 
BoslaiesB of, 831 
Blavone, 787 
HaUndone, 760 
Hydrazone, 782 
Hydroxyazo, 780 
Immedi^ 700 
Indonthr^, 780 
Indigold, 788 
Tngrani, 781 
Inaolnble, 778 
Janos, 781 
Katig^o, 700 
Erlogenio, 700 
Manufaeturo of, 770 
Monoazo, 770 
Mordont, 778, 783 
Natural, 772, 788, 701 
Nentzal, 778 
Nltro, 778 
Oxyketone, 787 
PhenoUo, 700 

PhyHlological action of, 772 
Poli^, 770, 781 
Pyrazolone, 782 
Quinoline, 787 
Qulnone, 763 
Quinmumide, 786 
Quioonoxlme, 783 
!l^ogmtlon on fibres, 708— ^-602 
SubatantivD, 770, 778 
Sulphur, 067, 790 
Tests, 706 
Theory of, 764, 773 
Th]azole,787 
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Colonruig-mattora, TripiionylnietlianQ, 733 
Vat, 788 

Water eolublo, 705 
Xanthono, 787 
Ool^A Boodfi, 482 

Coiioontrators, Multiple elfot, 500 
Condoiuation, Aldehyde, 245 
Aldol, 245 

Oondonflor, Liebig's, 2 

Oondiblumug of textUos, 828 

Conduotlvity, lUlootriool, 20 

Conldia, 133 

Comforin, 534, 078, 800 

Comiue, 20, 110, 742, 746, 747 

Oonyleno, 110 

CoofoTS, IVort, 204 

Copal, 400 

Oopollldlnc, 743 

Oopiior oooto oraeiulo, 348 

Copra, 408 

Cupa, 843 

(Jorallioo, 784 

CurohoruB oapfliilans, 812 

Cordite, 287, 302 

Oorlum, 003 

Cork, 616 

Comoln, 805 

Cotumiuo, 751 

Cotton, 807 

Blooolilng, 830 
I^oiiig, 830, 841 
Mjcfroonsatlon, 002, 808 
Beod, 482 
StatlstiQB, 800 
Coumahn, 743 
Coumorln, 080, 088 
Oonmarono, 755, 750 
Count of yam, 800 
Crabbing, 841 
Crooldjig of nils, 87 
Cream m tartar, 401, 402 
Creatine, 435 
Creatinino, 435 
Oreinonito, 305 
Croolme, 043 
CkeuBol, 045 
OreoHuto oil, 90 
ollfl, 028 
OrefloU, 043 
CrMolno, 008, 780 
Orotonaldohyde, 252 
Crotonylono, 110 
Qruehori, 202, 315 
(^teolln, 482 
Cryptopine, 760 
Orysbi^e, 067 
form, 24 
Gryatalllaatlon, 2 
Omtolfl, HeTnlhodial, 19 
Liquid, 130 
Mixed, 23 
Cudbear, 702 
Oumone, 034 
Oumldino, 655 
Oumlnoldehydfl, 675 
Ouminol, 075 
Onneio], 474 
Curasao, 161 
Ooxarine, 761 
Outob, 001, 764 
Outln, 508 
Oyomelide, 427 
Cyonamld^ 18, 430 
Qyanamines. 7 d 5 
Cyanatee, 427 
Cyanides, Alkyl, 237 
Cyanine, 787 


Cyaao-aoids, 377 
Cyanogen, 427 
oldoxldfi, 427 
oomponnds, 427 
of Qool goa, 60 
Bulphldo, 420 
triohloTide, 427 
Cyanohydrins, 238 
C^nole, 800 
G^anoqulnolmofl, 754 
C^annrtrlamido, 431 
C^ollo oompouudfi, 100, 010 
C^ohoptoJio, 017 
^eloh^^nono, 357 
C^alohoxitatrione, 017 
Oydohexano, 71, 017 
Hexohytoxy , 047 
Pontahydro^ , 640 
Oyolohoxanol, 041 
C^lohexEmone, 017, 041 
C^olo-ootono, 018 
C^o-ootatetrono, 018 
^olo-oleOnes, 20, 010 
C^oparaOduB, 20, 010 
Cyolopontadieno, 017 
C^olopentone, 71 

f dopentonc^, 017 
dopTopanc, 100 
mono, 252, 023, 624 
Oymogen, 37 
(^naroeo, 130 
O^toino, 360, 424 
Qystiiie, 800, 424 
Oytcme, 134 
BAHBOmTOL, 047 
Doznmar, 707 
Paphnotlii, 080, 860 
Daplmtn, 080 
Batura B^amonlnm, 740 
BooahydToqmnoliuo, 75d 
Booano, 32 
B4grag^e, 478 
D4grafl, 478, 000 
AitiQdnl, 470 
Bogree of dts^atlou, 322 
fermentation, 153 
moroerisatlnn, 808 
ronoidity, 402, 404 
vlBOOslty, 00 
Bepoos BrJx, 153, 577 
Behuaker, 145 
Bdphlnlno, 744 
Beimturantfl, 177 
Bonaturod alcohol, 170 
Bomimoter, Brix. 577 
Legal, 207 

Bephlegmators, 77, 168, 162 
Bepaidea, 600 

Tkxmikt 008 
Bennabol, 688 
Berrlokfi, 60, 74 
Bedehtbyol, 108 
Beamobacteria, 183 
Beamotropy, 18 
Beooxybensnln, 723 
Detonation, 268 
Betonators, 809 
Bevelopecs, PhotograjAlo, 66H 
Bextrase, 147 
Bextdn, 560 

in pnoose, 631 
BextctaaBe, 1^, 204 
Bextroae, 581 
Biaoetamldd, 421 
piaoetaulUde, 661 
Blaoethydraidde, 426 
Xllanetyl, 868 
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Diocrobylono, 114 
DiaoetylglyooJ, 217 
IMaoetylpropftne, 711 
Dialdohydos, 303 
Biallyl, 110 
DiBjnaJt, 140, 606, 836 
Diammea, Aromatio, 067 
Dlomino oolda, 424 
Dlamlnoozobfinzonofl, 608 
DiATnlnobeDZBnes, 066 
ip p Diaminodlpheny], 718 
p-Diaminodlphenylmetlmne, 710 
Dlominogeii, 801 
Dlamlnopbenol, 000 
V Dlamlnoetilbone, 722 
Diamol, 066 
Biaiusidlne, 710 

DlanbhraqulnonedihycLroaKine, 780 
Dinfitnae, 133, 134, 141 
Diastofor, 140, 690, 836 
m Diazmo, 743 
Diazoamluobaazfine, 072 
Diazoamino oompoundB, 660, 671, 072 
Bmzoaniflole o^nlde, 600 
Diazobenzone bromide, 071 
chloride, 071, 073 
inude, 071 
nitrate, 071 
perbromlde, 071 
Bolphate, 071 
Biazo bJaok, 801 
blue, 801 
brown, 802 
oompoundB, 241, 600 
Boarliat, 005 
Diazoguanldlne, 434 
Diazomethano, 242 
Diazonaphthalane, 727 
Biazomum platimolilonde, 070 
Bolts, 600 
Dlazotiflatlon, 781 
Dibenzamlde, 081 
Bibonzopyrrolo, 765 
Bibenzotmophon, 766 
Dibenzyi, 722 
Bibipbenylenetheno, 706 
Dibiomopynmthreno, 780 
Dibutyramide, 421 
Dlcetyl, 32 
DlohJorethane, 118 
DiohJorhydrin, 267 
DiQhlonBopentene, 712 
Dlohlorobenzoues, 086 
Dlohloromethono, 118 
BlohloronaphtJmlene, 730 
Diohrolo BUDfitanofiB, 764 
DlokOl, 406 
Dloruoin, 400 
Xhoyonodlamlde, 431 
Bioune, 122 
Dlethylaoetylurea, 740 
Dlethylamlne, 241 
Dlethyloarblnol, 120, 243 
Diethylcyanamide, ^1 
Blothylca^lamme, 267 
Dletbylmalonylurea, 746 
Dlethylflulphone, 233 
Biethylthiouiea, 434 
BlfEuBora, 661 
Dlgitallh, 746, 866 
Digitonm, 860, 607 
Di^tozin, 806 
Diglyoerol, 218 
Dlglyoollamides, 421 
DlglyooUliuide, 421 
Bibydrazidea, 420 
Blhydroantbiaoeno, 732 


Bihydrooymene, 703, 700 
Dihydropyndluos, 742, 743 
Bihydropyrrole, 789 
Bihydroxyaoetonase, 147 
BIhydroxy acetone, 147, 308 
Dihydroxyanthraqulnono, 734 
o BlhydroxybQnzopheuouo, 720 
Dihydroxyooumarm, 080, ^0 
Bihydroxydiaminoarsenobonzone, 600 
Blhydxoxydlethylamino, 267 
BUiydroxydlphenylfl, 710 
p DihydroxyliexametJLylone, 702 
Bibydroxynaphthalones, 728 
Bibydroxynaphthaquinono, 783 
Bihydroxytolueno, 046 
Bi iMbatyramlde, 421 
Blketobulane, 308 

S -Blketohezomethylone, 702 
iketohozane, 300 
BiketonajnlneB, 262 
Biketonos, 804, 308 
Blketopiperazine, 860 
Blmetbylaoetamide, 420 
Bunothylaootol, 308 
Blmethykuuuio, 241 
Bimethylammobeiu&eao, 008 
Bimothyl p amlnobeuzoyl oliloilde, 720 
Blmothylaniline, 600 
Blmethylanthraoene, 733 
Bimethylaraenio add, 242 
ohlonde, 242 
Bunothylaralne, 242 
DimethylbenEenoa, 023, 033 
Blmethyl butadiene, 712 
Blmethyloarbinol, 214 
Bimethyloydo ootodieno, 711 
Bunethylethyloarbinol, 120, 215 
Bimetiiylfolvene, 017, 700 
Bimethylglyoxlme, 308 
Blmethylmethane, 36 
Bimethyloxamlde, 240 
Bimethylphenylp^azolone, 780 
Blmethylp^dlneB, 742 
Biraethyltfuophen, 737 
BlmonniHin, M 
Bmapnthol, 727 
Blaaphthyl, 730 
BinaphtJ^lamlne, 727 
Blnttroao^iglycerme, 274 
BlnltroamluLe, 603, 720 
Bmltroanthraoones, 783 
Binitroazozybenzene, 040 
Budtrobenzenes, 040 
Bluitroohiorobenzene, 663, 004 
BinitrodlphenylazmiiQ, -001 
Birntroduieine, 650 
Blnltroothane, 237 
Blnltrofonnylglyoerlno, 274 
Bbutrofflyoeme, 273 
BmitroJAidnrene, 060 
Blnltromeeltylenj^ 050 
Binitrometh^e, ^7 
Binitromonoahlorhydxln, 274 
Bimtronaphihalene, 720 
Binltrophenola, 664 
Bimfaroprehnltene, 060 
Binltrololuenea, ^1 
fl Blnltrotolnidine, 653 
BmitfozylaneB, 060 
BioleOnfifl, 100 
Bionine, 745 
Bloxylndole, 760 
Bioxynaphthaquinones, 780 
Bipentene, 704 

dihydioohlarldefl, 706 
Bipeptides, 860 
Biphenyl, 671, 718 
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Diphenyl derlvftfclveB, 718 
ketone, 076 

Dlphenykoetamide, 601 
DipbenylaootyloriQ, 722 
Dlphonylomlno, 000 
Bulpliato, 828 
Dlphonylbutadlouo, 700 
Diphouyloorbuiol, 710 
Di phony loliloronraino, OOO 
Djphonylouo imiuo, 766 
kotono, 07b 
methane, 720 
oxide, 766 
Bulphldo, 766 
08 Dlpheiiylobhane, 720 
as Dlplionylobliauo, 722 
Dlphoiiylhoxatnone, 700 
DiplLouylhydmziuo, 073 
Diplionylmothano, 710 
Dij)lionylnitTOBanim(i, 073 
^ DIplienylproiMvno, 000 
Dlploooeol, 133 
Dlpropargyl, 114 
Dlproplonainido, 421 
])]])Haotis hiUonum, 840 
Dipyridino, 742 
7 Dipyridyl, 742 
biqiiinniino, 761- 
3)l(iuin(»lyl, 764 
DlRiiifootontH, 040, 043 
Dlutlllntinn, Fraetionol, 2, 76 
of fermented liquids, 16B 
Theory, 3 
Vftouuiu, 4 
Wood, 330 

Distillery rosidiioa, Utilisation, 182 
DiHnl])]uduH, 233 
DiHiilplinxhlos, 233 
Ditt'trftlyl, 731 
I)itblDf(lyool oldoride, 267 
Ditliinurothano, 434 
DliirelduH, 436 
Dlvi dlvi, 000 
Dnouaane, 32 
Dodooniie, 32 
Doiiiinr, 306 
DtJrraiol, 110, 740 
Dnbrloooutauo, 32 
Dnipplng point nf fats, 0 
Dryers for oils, 406 
Di^ng ovouh for exploalvos, 271, 204 
tulles, 847 

Drying pOAver of oils, 404 
Dnlein, OOn, 083 
Duloltol, 220 
Dufital, 044 
Du rone, 023, 034 
Durra, 141, 182 
Dyohig, Theory, 832 
DyostuftH, sm Colouring matters 
] )yo^v^JO(ls, 701 
Dynamites, 273, 282 
Analysis, 313 
Qelatlne, 208 
Gelatinised, 200 
Gum, 208 
kfonufoobure, 283 
Properties, 264 
Safety, 284 
with active bases, 286 
with Inert bases, 283 
Dbohitb, 711, 820 
EbuUiosoope, 170 
Eogonlne, 761 
Eohlnoohrom, 137 
Boraalte, 066 

Bffiuiometer, Bunsen^s, 62 


kgg album la, 860 
Eggs, 800 

ProBorvataon, 800 
Ehrliuh's aido ohMn tbeoiy, 138 
Ejoobouo, 32 
Eihonogen, 720 
Elnano, 517 
Elnstin, 804 

Elootrl^ oondnotlvlty, 20 
Emoraldliio, 780 
Emulsiu, 134, 635 
EmulBlonB, Stable, 480 
Eimilflor, Knlilmojm, 278 
Emulsor oeutnfugo, iSO 
Emunblomorphifim, 20 
Enontiotropy, 130 
Enoaustio, 4^ 

Engeubos, 642 
Euyyines, 23, 133, 134, 806 
Equlliln^ated action, 130 
Ql^lytlo, 620 
Sjmthotio ootion. 130 
Eoain, 086 
Eodiis, 784 
Epiolilorhydrln, 268 
Enulllbrlnin In saponlfloation, 467 
Enoa B, 802 
EnoohromoOavnie, 062 
Erloovauino, 800 
Eriodendrum anfraotuosum, 810 
Erythrene, 100, 712 
Erythrltol, 100, 325 
Erythrodextnn, 141 
Brytliroloin, 702 
Eiytluxilibmin, 702 
Erjdhroso, 626 
Ec^Lroxylon oooa, 760 
EBtorinoation, Lawn, 467 
EBtors, 124, 234, 467 
Ettuvnal, 250 
Ebhananudo, 421 
Ethanainidlno, 420 
Ethandlal, 303 
Ethan^ol, 217 
Ethano, 24, 30 

Polyolilnru-deiivativeB, 122 
l&bhanol, 130 
Ebbcmo, 108 
Ethcmol, 210 

Etlionylethylenodlamine, 740 
Ether, 228 

Industrial proporatlou, 230 
Potroloura, 37, 70 
Pi'opBrtloB, 228 
lluoovory from air, 231 
n'csta, 282 
Uses, 231 
Ethers, 220 
Ebhlno, 30, 111 
Ethyl, 30 

ooetate, 306, 460 
acetoaoetate, 800, 460 
benzoate, 681 
bromide, 116 
bromoproplonate, 360 
bui^ate, 400 
carbonate, 431 
olUoraoetoaoetate, 807 
ohlorlde, 116, 117 
ohloTOoarbonate, 431 
obloroformate, ^1 
oyannrate, 427 
maoetylBuoolnate, 897 
dlozoooetate, 386, 424 
diohloroaoetoooetate, 807 
dlhydiooo]lidinedloarbo:^late, 741 
dlketoapooamphorate, 716 
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Sitihyl diketoGomphurato, 710 
J9 /3’dimebhylglutarato, 710 
dimethylmalonate, 400 
fluoride, 110, 117 
formate, 328, 300, 400 
hydrogulpliide, 233 
hydroxycrotonate, 394 
hydroxyatearonaphtlialonesiilphonato, 508 
iodide, 116, 117 
iBooyaoate, 428 
ifiooyonarate, 428 
malonate, 3^ 
methyl ketone, 260 
must^ Oil, 430 
mtrato, 236 
nitrite, 230 
oxalat^ 240, 710 
peroxide, 282 
hydrate, 232 
phosphate, 234 
Bodioaoetoaoetato, 300, 307 
Bodiomalcmato, 309 
Bodiomethylzn^ona^, 300 
Bulphato, ^6 
sulphide, 234 
sulphite, 230 
Bulphozide, 284 
thioaootate, 410 
thiDoyanate, 410 
Ethylaoetamlde, 420 
iEQthylaoetamido-ohiorldo, 420 
Ethylaoetimmo ohlorlde, 426 
Ethyiaoetylene, 110 
!Ejthylami^ 241 

ethyldlthiooarhamate, 434 
hydroohlonde, 420 
Ethylbonzone, 028, 038 
Ethyloarbinol, 214 
Ethyloyaiiamide, 431 
i^th^ene, 106, 108 
broimde, 118, 217 
ohlorlde, 118 
cyanide, 206 
iodide, 118 

mono^ohydrato, 267 
oxidd|2^ 

Folyohloro-dorlvativeB, 122 
Ethyleneoyanohydnn, 260 
Ethylenecmmino, 267 
EthyMyooooU, 860 
Etl^wydiaEine, 240 
Ethylidmieaoetone, 308 
Ethylldene ohlonde, 118 
Ethyhdene compounds, 118 
Ethylldaneoyanohydnn, 238, 250 
Ethylmagneaiun bromide, 2^ 
Ethylmeroaptan, 233 
Ethyl-a-najmtbylainiue, 727 
Etbylfiulphone, 234 
Ethyltolueue, 021 
Ethylureihane, 432 
Etill^, 122 
Euoame, 119, 746, 761 
Eugenol, 046 
Euq,uinine, 746, 762 
Eurodinos, 786 
Euianthme, 708 
Euzanthone, 798 


Exalgin, 001 
Exeelaioi mill, 200, 269 
Exhausters, 68 
Explosion, 268 

influence, 205 
lietenninatLon of, 264 
Heat of, 250 
PioBBUie of gases, 201 
Velooity of oombustlon, 263 


Explosion, Velooity of oombustlon, projootilos, 
317 

FoaotLon, 263 
wave, 202 

Volume of gases, 201 
Explosive, Eavier’s, 203, 304 
Explosives, 268 

Abel's tost for, 314 
Analysis of, 313 
Obarglng density of, 202 
Classifloatlon of, 200 
Eestmotion of waste, 312 
Non-oonneallng, 274, 270 
Progroaeovo, 203 
Safety, 36, 306 
Sensitiveness of, 316 
Sliattering, 203, 303 
Sprengel's, 304 
Stebdkation of, 202 
Statistics of, 310 
Storage of, 312 
Theory of, 260 
Uses of, 318 

Eztraotor, Meiv uidvorsal, 480 
Pallonborg, 480 
Soxhlot, &2 

Wegelm and Hubnor, 480 
pAons, 711 
Pariu, 070 
Pat, Bone, 466, 477 
Qoose, 400 
Hog’s, 478 
Horse, 400 
Marotis, 473 
Ox, 460 
Wool. 470 
Fata, 407 

Add number of, 404 
Animal, 408 

Ohomical and physical cnnslniits of, 400 
CoTimRtent, 00 
Hronping point of, 0, 403 
Eatunation of, 462 
IhduBtrial treatment of, 603 d Bcq 
Hancndlty of, 464 
Saponlfloatlon of, 407 
Foolmer’a law, 773 
Pohllng’s solution, 266, 400, 682 
Polt,^ 

Ponohene, 708, 716 
Pouohono, 714, 716 

Penuontatlon, AloohoUo, 132, 146, 162, 204 
Lactic, 161, 887 
PerruguxQ, 817 
Fibres, see Textfle Abres 
Pibrinogon, 137, 802 
Fibroin, 806 

Films for dnematographs, 690, 827 
Filter presses, 660 
Filtoia, Charcoal, 60S 
Meohanloal, 666 
Firedamp, 34, 306 
FishiOiy stati^oB, 00 
Flavanthrene, 769 
Flavin, 756, 708 
PJavol, 733 
PJavone, 690, 756 
Flavopurpurln, 783, 787 
Plax,W 

Autumn, 810 
Haroh, 810 
Fleeoe, 804 

Plorentine receiver, 480 
PLoridn, 404 
Floes (b^), 816 
PlouT, Wheat, 694 
FLowers, Essences of, 704 
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Fhiftvil, 711 
Fluorftnthrouo, 7S0 
Fliiorono, 720 
FlunroBOoiEi, 086, 722, 784 
Fluorindinos, 780 
Foddor, Molassio, 100 

Nntntlvo vaJuo of, 182 
Foroito, 208 
Foreats, 014 
Foniuildoliydo, 247 
Forinaliu (Fonnol), Arudysla of, 247 
Formainixlo, 421 
Fonnanllldo, 001 
FonnntoB, 827 
Fonnhydrazldo, 420 
Forininn, 267 
Fnrmolito roootion, 71, 01 
Fnmioso, 626 

Formula, Constlbutlonal, 16, 17 
Eirmirioal, 18 
Flouralimann’fl, 476 
Struotiiral, 15 
Furmuka, lUtloiial, 18 
Unitary, 16 
Formyl ohlnrido, 370 
FonuyloDdruo oldorldo, 427 
Franoollto, 104 
Fruotoao, 633 

8|X)ol[lo notation of, 681 
Fruit oflsonoee, ArtiOoial, 349, 469 
Fuohfiliio, 721, 784 
Fnooflo, 520 
Fnlgurlto, 264, 304 
Fullor’a-oaitli, 80, 80, 400 
Fubnlnato of moroiiry, 308 
Analynlfl of, 308 
Fulvono, 017, 700 

dorlyatlvoR, 700, 77o 
Fnmarla oOldnallB, 874 
Foran, 730 
Furazan, 740 
Fiirazold 740 

Furfaraldoliydo (Furfnral), 173, 627, 737 
Fnrfuran, 780 
FurforoidB, 628, 608 
Funiaoe, OombuBtiou, 8 

Fuaol oU, 100, 146, 106, 172 
Fusofl, 300 

Blokford, 310 
Fleotrln, 311 
GAiiAOTosn, 634 
Galazm, 191 
Qalbauum, 044 
Qallallbh, 260, 476 
Gall nuta, 090, 001 
Galloqyanino, 068, 786, 707 
Qallonavin, 088 
Gambler, 794 
Qae, Air, 60 
Blue, 68 

Ulumiiiatbi^ 38 6l seg 
mantles, 826 
Marsh, 88 
meters, 60 
Oil, 66, 98 

m oer, 46, 60 
, 00 

Water, 68, 08 
Gases, PemaneAt, 84 
Gasolene, 87, 76 
Gasometm, 64 

Gaultherla prooumbena, 127, 086 
Gelatine, 

Blaatbotf, 286 
dynamil^ 286, 208 
Gelignite, 208 


Geraniol, 262 
Geroiimo, 802 
Geraniol, 210, 262, 715 
Gin, 190 

Glam, Hardened, 04 
Globln, 802 
Globulins, 661 
Glonom, 275 
Gluooprotems, 603 
Gluoosammo, 626, 530 
GIuqobo, 631, 634, 680 
Doteotlun of, 632 
li!etlination of, 631, 681 
Granulated, 632 
Hydrated, 632 
Manufaotiiro of, 532 
Qluooaldos, 630, 634, 806 
GluQOBoue, 633 
Gluooaoxuup, 630 
Gluoovanillbi, 078 
Glue, 804 

AnolyBlB of, 806 
Qlutarlmide, 422 
Gluten, 604 
Glyaeialdohyde, 308 
Glyeorldes, 218, 400 
Glyoerol (Glyoertne), 30, 140, 217 
Induslujjal preporabon, 220 
QuoUidos of, 2^ 

Rofrootive bidex, 210 
Statistlos, 223 
Teats for, 223 
Uses, 220 
Glyooro&o, 308 
GlyooryL trinitrate, 268 
Qlyolno (GlyooooU), 370, 885, 428 
Glyoooyamidlne, 436 
Gl^ooyomluo, 434 
Glyoogen, 187, 608 
Glyoot 217 

acetates, 260 
oblorohydrin, 260 
dlmbrat^ 260 
Ethyl ethers of, 260 
meraaptan, 267 
Glyoollonudo, 421 
GlyooUlo aldohydo, 303, 526 
Glyoollldo, 364 
Glyoola, 107, 216 
Propylano, 217 
Glyaolsulphurio acid, 260 
Glyoosbio, 303 
Glyoylglyolne, 868 
Glyoxu, 303 
Glyoxollne, 803, 740 
GlyozUlue, 284 
GnoBQoplne, 760 
Gbmm^ine, 607 
Goudron, 00 
» Grains,” 208 
Qrapo must, 180 
Greolc Are, 200 
Green na^riia, 102 
oil, 108 
Btoroh, 692 
Green, Algoh 789 
AJlEaxu], 787, 700 
Brilliant, 790 
Blamlne, 602 
Diamond, 728, 709 
Fast, for ootton, 788 
Indanthrene, 760 
Italian, 802 
Janos, 799 

Malachite, 720, 784, 790 
Methylene, 786 
Naphthalene, 726 
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GieeUp ITaphtHolp 720, 783 
Pyrogon, 802 
Sobwemhirth'B, 348 
Sulphnr, 802 
Woob 720 
Grey, Oib^ 788 
OriBounite, 307 
Gnaiaaol, 644 
Guanammea, 434 
Guanidine, ^4 

Ammo dorivatlyo of, 434 
Dl^o , 434 
nitrate, 434 

Nltro-derlvativo of, 434 
Guonlao, 430, 440 
Gum, 608 

orabio, 508 
ATbiOoiol, 507 
British, 597 
dynamites, 208 
;^un, 707 
Starch, 597 
trogaoanth, 508 
Vogebablfi, 607 
Gonootton, 285 

Compression of, 203 
Sdonufooture of, 288 
PropertiQB of, 287 
Pulping of, 202 
Stabilisation of, 292 

Thomson and Nathan’s prooosa for, 200 
Uses of, 293 
GuoTOwder, 266 

Mannf^ture, 267 
Gutta, 710 
Gnttaperoho, 710 
KaoiaTBiK, 701 
Hmmatln, ^2 
Hffimatoxylln, 701 
Hffimin, 862 
Hfflmooyonm, 137 
H^emoerythrln, 137 
Hiemoglobm, 186, 802 
Hair, 826 

Holf^stuS, 605 
Hahdos. Aoid, 377, 879 
Halogens, Detootlon of, 7 
Estimation of, 12 
Huisena fermentation vessels, 208 
Hardened gloss, 04 
Heat of oombu^on, 25 
explosion, 250 
fonnotloa, 25 

of exidoslvos, 250 
nentraJisamon, 26 
Hedonol, 119, 740 
Holianite, 828 
Helloio, ^6 

Heliotrope, Artliioial, 078 
Oiba, 768 
Hellotropln, 078 
Hemio^uJose, 698 
Hemimellithe^, 623 
Hemltorpene, 708 
Hemp, ^2 
seeds, 482 
Hendoosone, 32 
Hentrlaeontone, 32, 37 
Henze antoolaves, 143 
Heptaohloropropane, 128 


Heptaoosane, 32, 37 
Heptadeoone^ 32 
Heptaldehyd^ 251 
Heptane, 82, 37 
Heptosea, 620, 634 
Heraolenm dgontenm, 127, 180, 215 
spondynnm, 215 


Hesperldin, 860 
Hosporldlne, 703, 705 
Het^ooyoUo oompounds, 20, 010, 730 
Hezabenzylethaoe, 723 
Hexabloses, 636 
Hexabromobenzene, 630 
Hexaoetylmannitol, 224 
Hexoohlorobenzene, 030 
Hexaohbrohexahydrobouzone, 030 
Hexaoontone, 32, 37 
Hexaoosane, 32 
Hexadeoane, 32 
Hoxadione^ 309 
Hexoethylbenzeno, 023 
Hezahy^obenzene, 017, 702 
Hexahydrooymone, 703, 700 
Hexahydrophonol, 702 
Hoxabydropyrldlne, 748 
Hexahydroxyanthroqulnono, 78,3 
Hezah^roxybenzene, 040 
Hezahydroxybenzophenone, 080 
HexahydrozyeyololiQXfljie, 047 
Hozahydrox^phenyl, 710 
Hezamethylbenzeno, 111, 028, 034 
Hezomothylene, 100, 017, 702 
Hezamethylenatotnunino, 187, 248 
Hexondime, 114 
Hexanes, 32, 37 
Hezonhuol, 225 
Hexanitrodlphenylamluo, 000 
Eexani fcroethane, 237 
Hexonol, 216 
Hexaphonylethane, 722 
Hezapropylbenzeno, 023 
Hexcitrhm, 524 
Hexine, 110 
Hexitols, 624, 631 
Hexosaooliarino, 530 
Hexoses, 529 

Con^tatlon of, 530 
Hides, Hyebig of, 700 
DHnifi^g of, 090 
Groining of, 700 
Tanning of, 002 
Histones, 602 
HoUondeiB, 291, 004, 010 
Holoooine, 119, 740, 751 
Komoasparoglnes, 425 
HomooamxihorlD nitnlo, 710 
Homologues of onilino, 601 
beoAoldehydo, 075 


phenol, 0^ 

Bueoinio gold, 871 
terpenes, 708 
Homology, 24 
Homophtholimlde, 765 
Homopyrooatoohd, 045 
Honey, 633 
Hops, 198 

Deoootlon of, 203 
Hnmio sabsionaea, 530 
Humulus lupulns, 103 
Hydantoin, 483, 435 
HydiaoeUnlose, 001 
Hydromlne, 257 
Hydraatlno, 746, 750 
Hydrastiiilne, 760 
BydrauUe oeoumnlators, 484 
gas main, 45 
press, 270, 488 
Hydrazidea, 4S^, 673 
Hydrazines, 240, 241, 672 
Hydiazobanzene, 067, 668 
Hydiazo-denvatiyeB, 008, 705i 
]^drazodloarbonainl(le, 484 
Bydrazones, 246, 524 ^ { t 

Hydroanthraoene, 782 * ^ 3 

^ I 
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[ydroantliTanulfl, 732 
[ydrobonzamLde, 074 
ydrobeiizoln, 7M 
ydruoarbonB, 20, 31 
Aromatio. 022 
of potiTolouiu, 71 
of tho 0„ Ronos, 100 
of tho OrtHjn^ aiul OaHan-a Borloa, U4 
Saturated, 20, 31 
UuBatiiratod, 20, 100, IIG 
with triple linldnga, 110 
witli unaatumtod aide oliolna, 034 
[ydroDolluloBO, 000, 001, 002 
[ydrooluohouidmo, 702 
lydroooturiiliLO, 750 
lydrooyaaooarbudlpheiivhiULdo, 702 
lydrogou, Batlmation of, 8 
Noaooiit, 33 
Typical alaoliollc, 124 
lydrogonatod bonzono ooinpomubi, 701 
lydrolYBlB, 12G, 442, 530 
Knzymin, 134 
lydroimplithalonoa, 730 
lydropyndinoa, 743 
lyrlroqulnhie, 702 
lydroquinune, 045 
lydroxy aol^, Aromatlo, 080 
Hl^er, 3B0 

polybaaio, 410 
Polyvalent dlbaalo, 300 
monobario, 301 
triboslo, 411 

Saturatod moiioboalo, 383 
Uuaaturated nioiiobonio, 380 
lydroxy oldoliolfl, 077 
lydroxy oldoliydoa, Aromatlo, 077 
lydroxyaiithrauol, 733 
lydroxyautliraquinoiiOB, 733 
dydroxyozo uompounda, 008 
JydroxybenzaldcJhydoa, 077 
3 llydroxybutyraldehvde, 245 t 
Flyiiroxyotliylaraliio, 267 
Elyflroxyothyltrimothylauimonlum hydroxide, 
267 

flydroxyhydroquliioue, 040 
EWdroxylamlne, 230 

[lydroxylamlne dennvativea uf adda, 427 
[lydruxylluoleln, 490 
[lydioxymethylonoacotono, 300, 300 
llydroxymetliyloiiolcotones, 300 
Hydroxymotliylfurfuro], 61^ 

Hydruxynltrilea, 238 
Hj^oxypyrldinoe, 742 
2 Hydroxyquinoline, 704 
Hyumxytoluenoa, 043 
Hygrliie, 760 
Hyoaoyamlno, 740 * 

Hypliomyuetofl, 133, 166 
Hyimone, 076 
Hypnotloa, 118, 740 
Hypoxanthine, 480 
Hypauohromefl, 704 
lA.TItOOBBMIfiTAY, 744 
lohthyoform, 104 
lohl^yol, 103 
TohtlmlBulphonatoB, 103 
Idltol!, 226 
lUldum verum, 644 
lUimilnating goe, 38 
Analyw of, 60 
Oalonflo value of, 80, 61 
Compoaltloii of, ^ 

Hlfitoiy at, 86 

lilghtiTTig power of, 62 , 

metera, 06 

Phydoal and ohemlcol teatlng of, 00 
Price of, 08 


lUuralnatmg gas, ProiKirtloB of, 40 
Punlluatiou of, 46 et seq 
Separation of naphthalene from, 4(1 
Statiatios of, 00 
Yield of, 08 
Ini idea, 421 
Lninazolo, 740 
Imlnooarbamido, 434 
luilnooarhamldeazlde, 434 
Imlnochloriclea, 426 
XiYunoetliera, 420, 422 
Iminothioothera, 426 
Immouroa, 4^ 

Indamlno, 706, 780 
Indauthreno, 706, 780 
ludoziu, 800 
ludazole, 707 
Indono, 731 

Index at rofraotion, 27, 403 
Indlcon, 768 
of urlno, 700 
ludJgo, 767, 758 
Analyaifl of, 76B 
blue, 768 
oormliLo, 700 
Colloidal, 760 
extract, 800 
Proportijoa of, 706 
StatlstdoB of, 703 
Synth osoa of, 700 
Indl^era oreota, 758 
loptofftaobya, 768 
tinctorln, 767 
Indl^lda, 788 
ludlgoli^olda, 700 
Indlgot^ 768 
Indlrubin, 788 
Indoin, 780 
Indole, 765, 760 
IndoH^one, 700 
liidonaphtholeiio, 700 
Lidophenin, 737 
Indophouol, 727, 700, 786 
Indophoro, 760 
Indoxyl, 760, 768, 702 
Indro^ 781 
Indultnofl, 780 
LifuBorlol earth, 283 
lujootora, KUrtuig, 03 
Ink, 088 

liiodtol, 040, 047 
Intcrmodlatea, 777 
Inuliu, 088 
InvoUto, 042 
Inversion, 631, 638 
Invert augor, 031, 538, 681 
Invortoso (Invertla), 134, 638 
ludobonzene, 036 
lodobutone, 117 
Iodoform, 121 

reaotion, Lleben’a, 181 
Teste for, 122 
lodol, 738 
lodopropone, 117 
lodosob^izene, 636 
ohlorido, 036 
lodothyrln, 806 
lodourethone, 432 
lodylbenzene, 086 
lonone, 718 

Ionic oonoenti'atlon, 688 

lonone, 713 

Irene, 713 

Irtdln,86e 

IrigenJn, 866 

Inmao, 828 

!bone, 713 
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laatin, 766, 767, 700 
chloride, 700 
o^lBathuuiiUde, 702 
laatia tlnotoria, 768 
iB&tozune, 700 
iBoamyl iBOvalorato, 400 
iBoomylboDzene, 023 
laobataaie, 37 
iBobutyl iodide, 118 
iBobnfyl benzene, 023 
iBobutyloarbinol, 120, 216 
iBobutyiamide, 421 
laocyonatos, 427 
iBooyanides, 238 
laooyolio oompounds, 20 
iBooymeooe, 034 
laoduloite, 620 
laodnloitol, 703 
laodunenes, 023, 034 
laoduridinep 065 
Ifioengenol, 046, 073 
Xsoloctose, 636 
iBolouoine, 424 
leology, 24 
iBomutoae, 130, 630 
iBomelamine, 431 
iBometides, 17 

Bolling points of, 26 
Meltmg points of, 26 
Metomerio, 18 
Optlool, 20 
lUoamio, 21 
iBomeidfiin, 16, 17 

Gis and txans ,[^22 
Space, 19 

laoml^es, 237, 238, 240, 427 
iBomtrofioketonos, ^6, 308 
Ibo oxazole, 740 
Isopentane, 37, 712 
Isoprene, 100, 113, 706, 70S, 712 
Isopropyl Iodide, 116, 117 
Isopropylaootyleme, 110 
laopropylben^dehyda, 075 
Isopropylbenzene, 023, 034 
iBoqninolinG, 764 
Isodiomnose. 620 
Isosafiole, 078 
Isovaleryl ohlonde, 880 
IsoYiolanthrene, 780 
Isnret, 427 
Ivory, ArtLOoial, 361 
JiaaHBS, 846 
Jnto, 812 
Kaiottduoon, 710 
Kapok, 400 
oil, 810 

Kephir, 139, 101, 475 
Keratin, 80^ 804 
Keroflecoe, 72 
Ketenea, 260 
Keto-aldehydoe, 894, 300 
Keto-arabinose, 626 
Ketoheptamethylene, 617 
Ketohexamethylene, 017, 701 
Ketohezoaes, 524J 
Ketoketenra, 2601 
Ketones, 110, 124, 248, 262 
Aromatio, 673, 676 
Sfcraohe’s eatiinatlon of, 5S66 
Ketonlmidea, 243 
Ketopentamethylene, 617 
Ketoses, 624 
KetoidiuGa, 263. 676 

Beckmann's transpoaltion of, 253, 676 
Khaki, 704 
Kieael^hr, 276, 288 
Krraoih'waaBer, 100 


Kneading machine, Werner Pfletderor, 472 
Kojl, 166 
Koumis, 101 
Kratitea, 305 

Kubiers^ky ooluinn, 77, 031 

Kumrael, 191 

Kimorol, 474 

Kyanol, 067 

Laooabb, 184 

Laos, 405 

LaotMbnmin, 860 

Laotams, 423, 760 

Lootaaea, 134 

Lactates, 388 

Lootio add bacillus, 146, 387 
Laotldes, 384 
Laotlte, 475 
l^toglobuhn, 801 
Lactone, Bromobutyno, 356 
Isocaproio, 267 
Lactones, 856, 377, 364, 620 
Lactose, 536 

Xestmg of, 637 
Laotyl ohlonde, 380 
Le^bt beer, 203, 206 
Lakes, 700, 770, 771 
Lam^ Garoel, 62 

Hefner, Alteneck, 02 
Lampblaok, 024 
Lord, 478 
Latex, 708 
Landamme, 760 
Laudanjdlne, 760 
Landanoame, 760 
Laurene, 700 

Lanrus comphora, 704, 710 
Lantoplne, 760 


Law cn Dalton, 6 
estenfleatdon, 467 
Hes-Borthelot, ^ 
refraction, 27 
Lead plaster. 361 
Sugar 01 , 847 
Leather, 603 

ArtifLoial, 717 
Hardanod, 700 
Leben, 101 

Leoanora tartaroa, 702 
Looitbalbumln, 8^ 

Lecithm,. 402 
Ledthins. 268 
Lees, Wine, 170, 402, 408 
Lemons, Ooltivatlon of, 413 
Xreatanent of, 414 
Leacine, 20, 424, 868 
Lenoo bases, 721, 706 
Lencooytee, 189 
Lenootannin, 080 
LevnJln aldehyde, 300 
Levulose, 633, 661 
Lichens, 702 
Life, Origin of, 137 
Li^t, Polaris^ 27, 305 
Purees of, 64 
Standards of, 62 
Lignin, 608, 601, 005, 608 
Estimation of, 606 
Llsrrnn, 37, 76 

Ltmonenc, 410, 708, 704^ 706, 706 
LlnaraBjta, 406 
Linoleum, 406, 615 
Linseed, Compodtum of, 482 
o0,670 

Llmmi usitatlsBimuin, 404, 810 
lipase, 184, 607 
Lipoids, 746 
lippioh polaciipGr, 680 
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T^queura, 190 

Liquids, SiMioifio gravity of, 7 
IJtlioolMtite^ 284 
Llthographara’ vaniiab, 4UG 
liitmufl, 792 
Logwood^ 791 
Lupeticllue, 743 
Lupullii, 193, 203 
Lnteolui, 750 
Liitidmofi, 742 
Lyddite, 303, 006 
LyHidino, 740 
Lysino, 392, 424 
Lymnu, 13D 
Lynoohlor, 043 
Lysofnriii, 250 
Lynol, 043 
L^oflo, 029 
ACa-OLUIIA Uuotona, 793 
MuoLiirm, 793 
Miiddor, 734 

Magnosla, Efiorvoauunt, 413 
Ala^otio rotation, 26 
Malw, 142, 193, 090 
CtomiiomtioTi of, 482 
oil, 499 
Malainldo, 421 
Malaria, 762 
MiUt, 141, 100 

deaulng of, 200 
l)ia8tatlo power of, 199 
Evalimtlon of, 190 
Qroon, 190 
Grinding of, 200 
Kilning of, lUB 
Maaliuig of, 201 
Maltouo, 134, 141, 535, CBl 
Molting, 100 

MnJtocloxtrinaflo, ri4, 204 
Moltol, 000, 087 
Maltoao, 134, 530, 681 
Moimnnth iiuuip, 276 
Manlianite, 305 
KTanna, 220 
Mannide, 220 
Maimiton, 220 
Maimltul, 220, 630, 034 
Hoxaoetyl, 224 
Hexonltru, 280 
Mannoee, 034 
Maiino tetri )Be, 580 
Mannotrlujio, 220 
MaroHolilun, 190 
Margarine, 470, 080 
ohoone, 471 
Margul, 471 
Marmite, 149 
Marsala, 190 
MoHliiiig apparatufl, 201 
MoHHeoulte, 604, 565 
Miuut, 77, 80 

Matricaria xiartheiuum, 710 
Moonnldlne, 700 
ModKianklto, 305 
Melam, 431 
Melamine, 431 
Melene, 109 
Mellbiase, 134 
MellbloAC, 585 
Melinite, 803, 665 
Meliuyl palmltate, 460 
Mdllte, ^6 
MelUfahene, 684 
Melting poM, 6, 25 
Menta pmoglum, 714 
Menthane, vOd 
Menthenoi 706 
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Menthol, 714 
Meiithouo, 714 
Meroapton, 233 
MeroaptanB, 233 
Meroaptido, Morourlo, 233 
Sodium, 283 
Meroaptidea, 233 
MoroaptolB, 252 
MoroeriBaUnn, 808 
Moroury fulmlnato, 808 
Meaidi^, 056 
Mesltol, 030 
Mesityl oxide, 258 
Mesitylone, 111, 023, 033 
Metoldohyde, 250 
Metalopsy, 15 
Motamensm, 18, 228 
Metostyroue, 034 
Meters, Aloohol, 173 
Automatio goa, 68 
Dry gOB, 56 
Gas, 00 
Methaual, 247 
Mebhanamldo, 421 
Moi>hanamidozline, 427 
Methane, 24, 83 

Derlvatiyes of, 31 
InduBtrial nsea of, 35 
Preparation of, 30 
ProportieB of, 34 
Metlumol, 127 
Mebhontl^l, 283 
Moldiono, 108 
Meliionylainldoximo, 427 
Mobhozymothane, 228 
Mothoxypyrldiiio, 742 
I^bhoxyqnluolhio, 760 
Mothyl, 80 

acetate, 400 
olUonde, 110 
oyanldo, 238 
ehhor, 228 
Iodide, 117 
iBothloowiato, 430 
muBtaru oil, 430 
nonyl ketone, 807 
Buooinate, 400 
Bnlphlde, 233 
MothylooetanUldo, 001 
Mothyloootyliirea, 420 
MothyM, 201 
Mothylatnino, 240 

hydroohlorldo, 117, 241 
Methylonillue, 600 
Methylanthrooeaefi, 783 
Methylorbatln, 806 
Methylbenzene, 023. 033 
Mebhylbutanol, 215 
Methyloyanamldo, 431 
Methylolliydroindnazole, 740 
Methylene, 108 

bromide, 115, 118 
chloride, 115, 118 
< glyeol, 525 

^de, 115, 118 
Methylethylooetylene, 110 
MethylethyloaTbinol, 214 
Methylglyozol, 800 
Methy&anatmiiiie, 618 
Mdthvlneptenone, 868 
p-Methylfiopropylbenzene, 028, 634 
MethyliBopropyloaibinol, 126 
Methylnai^tnMen ns, 780 
Methylpentosea, 639 
Methyh^pfpifi, SO, 87 
Mjeth.vliiro'DancJ. 215 
,M^]pfien^tin, 756 
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Methylpyridine, 742 
Mothylp^done, 742 
a Bfethylqninoline, 754 
Kethyl^phonal, 740 
Hethylnraoil, 430 
Methylurethwe, 720 
Metol, 066 

Miohl^’s kotone, 710 
Kiorobes, 132 
AUoroooooi, 133 
Kilor^ 133 
Milk, 134, 474 

ArmJyaiB of, 476 
Coooant, 408 
Condfinaed, 474 
Ferznoated, 101 
Skim, 474 

MilHn^r of wooUana, 838 
Mimosa, 000, 601 
oat^hu, 044 
Mirbajie, Easenoe of, 040 
Mo€Uon, 478 
Moloaaea, 100, 607, 570 
Bee^augar, 166, 570 
Laotoae, 637 

RocoTory of aagor from, 671 
Spent waah from, 571 
UtOiaatiLon of, 570 
Moleonlaj volume, 25 
Monoooetln, 257 
Monoooylhydrazidoa, 426 
MionooKO Gompouada, 770 
MonooUorhytmn, 267 
MonoDitroglyoeniLe, 274 
Monoaaoehandea, 623 
Monosea, 623, 624 
Fonnataon of, 525 
Mordamting, 830, 834, 835 
Moidaoiba, 770 
Morin, 756 

Morphme, 138, 745, 750 
Moi^oUne, 743 
Morphotropy, 24 
Motub olbo, 813 
tinotono, 708 
Motoohemlfitiry, 020 
Moulds, 182 
Mnolna, 80S 

Muoora, 133, 155, 160, 412 
Multiple eSet apparatus, 500 
Mure^do, 430, 437 
Muaoarlne, 257 
Muaoone, 713 
Musk, ArtiBolal, 706, 713 
Katuxal, 718 
Mustard, Blaok, 430 
oils, 430 
seed, 482 

Mutorotation, 28, 681 
MyDodenna aoeti, 340, 341 
vini,341 
M^oem, 862 
Myristin, 850 
Myrobolana, 600, 001 
Myrosln, 216, 502 
Naphttea, 65 
Solvent, 632 

Naphthalene, 628, 723, 702 
derivatives, 723, 728 
Eatimatioa in coal gas, 01 
from cool gas, 46 
teiraohlonde, 730 
Naphthamine, 727 
a^NaphthaquJnone, 720 
i9-Naphthaquinone, 780 
Naphthasorin, 783 
Naphthenes, 71, 617, 701 


Naphthindigo, 788 
Naphthola, 727, 728 
Naphthoaolol, 728 
a- (^d ^ ) Naphthylamme, 727 
Naxoelne, 746, 760 
Norootino, 746, 760, 761 
Natron, 513 
Neosolvaraan, 600 
Neradol, 260, 602, 007 
Nerolme, 728 
Neunne, 257 
Niool pnsm, 570 
Nicotine, 746, 747 
Niootyrme, 747 
Niaaer powder, 305 
Nltraoetanlhd^ 001 
Nitriles, 287, 427, 070 
Nitroaoetma, 274 
Nitroanilinea, 003 
Nitrobenzaldehyde, 076, 701 
Nitrobenzene, 640, 050, 000 
Nltrooellulose, 286 

oonatltution of, 280 
Nitrooblorhydrin, 274 
NitroohloroWizeneB, 068 
Nitrooymme, 650 
Nitro derivativeB, Aromatio, 048 
Eleotrolytio reduction of, 000 
Nltrodunethylanllliie, 060 
Nltroethane, 230, 237 
Nltroform, 237 
Nitroformina, 274 
Nltr^en, Beteotion of, 7 

&timation by Dumofl* motliod, 10 
Eieidahl*B method, 11 
Will and Varreutrapp'a luotiiod, 
12 


Stereoisomerlam, of, 22 
Nltr^ycerlne, 276 
Futration of, 282 
Manufacture of, 277 
Sbabihsation of, 281 
TJaea of, 282 
Nltrognanidine, 484 
Nltrohexone, 230 
Nitromesitylene, 660 
Nitrometbane, 

Nitron, 666 

Nitronaphtholenes, 726 
Nltrophenola, 603 
Nltrophenozides, 003 
fl-Nitrophenylhydrasdno, 078 
Nitropiehnltone, 060 
Nltropropane, ^7 
Nltrosazzunea, 240, 050, 000, 000 
Nitroaitea, 703 
Nitrosoohlorldea, 703 
p-NllroBodimethylanlLine, 060 
Nitrosodipentene, 705 
Nttrosophenol, 048, 600 
Nitrosopyrrole, 730 
Nitrost^h, 2^ 

Nltrostyrene, 034 
Nltrotoluenea, 661 
Nltrourea, 432 
Nltronrethane, 432 
Nitroxylenes, 060 
Nomenolature, Ofllolal, 20 
Nonane, 32 
Nonodeoane, 32 
Nonoses, 534 


Nonyl aldehyde, 251 
Nubepine, 648 

Nuolei, Condensed bepzene, 718 
NuoleiiiB, 863 
Nuoleo albumins, 661 
Nueleo hlston^^2 
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NuoJeoproteinfl, 803 
Numbor, Aoetyl, 224, 225, 403 
Acetyl oold, 225 
Aoetyl sapoiufioafclon, 225 
Acid, 105, 464 
Butter, 477 
Ester, 465 
Heliner, 401 
lodmo, 403 
KOttfltorf, 408 
Maumen^, 404 
Polonake, t77 

Boluliort-MoiBsl Wolliiy, 401, 477 
Saponitlonblon, 408 
Niitrose, 475, 801 
Nux vonuoa, 751 
OOTAUBOriiDUN/SNU, 023 
Ootwliono, 110 
OatahydroantbrnnoiLo, 731 
Oataliydroplioiuviithrotio, 731 
Outono, 32 
Outaiitliroiie, 731 
Ootliraoouo, 731 
Ontocoaano, 32 
Ootudooano, 32 
OotoHOS, 534 
Ootylbonzouo, 023 
Oobylono, 100 
(Kruuiblialdoliyde, 261 
GSnoxydaao, 134 
Oil, Aootono, 255 

Allyl mustard, 400 
Almond, 406 
Aniline, 050 
Anise, 044 

AnblunoQuo, 028, 030 
Araolils, 402, 500 
Hitter almoud, 074 
Hollocl linseed, 404 
Bono, 737 
(Cardamom, 473 
Uosbur, 300, 403 
Phluose bean, 602 
Phiysalia, 480 
(‘love, 045 
(Joeonut, 406, 408 
Uod liver, 460, 47H 
OulKa, 400, 601 
(JottouBoecl, 400, 400 
Dipped njiliunl, 737 
Etuyl musbai'd, 430 
Pish, 478 
for 08 
(^aultborlo. 087 
(lolatinlseil vosollno, 03 
Olngfllly, 500 
Grapes^, 502 
Hempsood, 400 
Kapok, 400 
Lemon, 415 
Linseed, 400, 404 
Mnlse, 460, 400 
Mandarin, 682 
Methyl mustard, 480 
Oleo, 423 
Olive, 460, 400 
Oran^, 705 
Palm, 466, 400 

Palm nut (Palm kernel], 466, 407 
Paraffin, 76 
wax, 04 

Pennyroyal, 714 
Peppem^l^ 714 
Poppyseed, 466, 404 
Propyl mustard, 430 
Ra^on, 502 

Resin, 92, 707 ^ 

▼Oil. H. 


Oil, Sanso, 402 

SQBam6, 492, 500 
Sholo, 102 
Soia-beon, 400, 602 
Solar, 72, 08 
Sperm, 478 
Sttllin^a ,409 
Sulphooarbon, 401 
Tod, 600 
Tomatoseed, 502 
Turkey red, 800, 400 
Turpontme, 708, 706, 707 
Walnut, 400 
Washed olive, 401 
Whole, 406, 478 , 

Wood, 503 
Wool, 470 

Oil coke, 463, 403, 5U0 
Oil gas, 04 
Oils, Ainmal, 408 
Bleoehiug of, 400 
Blo^nl, 404 
Oronsuto, 028 
Dooclorisation of, 400 
Drying, 363, 402, 404 
Ei^ino, 02 
for 08 

point of, 83, 01 
Hardening of, 480 
Heavy, 70 
Lubrfoating, 027 
Mineral Lnmioating, 80 
Mustard, 430 
Oxidise^ 464 
Refining of, 488 
Spindle, 02 
Tar. 028 
Tliiokouod, 405 
Vosollno, 80 
Vogetabio, 482 
VIboobl^ of, 83, DO 
Oily seeds, (jompositloii, 482 
Olonso, 400 
Olofluos, 100 

Oonstitution of, 108 
Nomeuolaturo of, 100 
Preparation of, 107 
Table of, 106 
Olofno, 358, 617 
Gatalytlo, 518 
Dlstlilod, 506, 618 
BaponlAwtlon, 618 
Transformation into stoorlne, 500 
Wool, 479 
Oloomarmumie, 470 
Oloum omm, 704 
Olive, Oomposltlon of, 482 
Opium, 750 
Opsonlns, 180 
Optlool activity, 19, 00 
antipodes, 28 
properMes. 20 
Orange, Allzonn, 700 
Orpine, 760 
DlmethylnltraniJlns, 063 
Q, 780 

Indonthrene golden, 780 
Methyl, ^8 

m, 668 

IV. 660 
Oroeine, 645 
Orobiol, 645 

Oroano mota 41 o oompounds, 242 
OrTgannm hlrtnm, Omi 
O nuthlne, 892, 424 
Orthobromobenzyl bronj^e, 732 
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Ortho eiheTB, 324 
Ori^oform, 110, 746 
OBomlneB, 630 
Oamophorea, 706 
OBoaeB, 633 
Oaotrie^le, 740 
Ossein, 864 
Oxalates, 808 
Oxamide, 421 
Ozaminofi, 785 
Oxazole, 740 
Oxidation, iSnzyrnlo, 136 
Oxidation chamber, 886 
Oximes, Aromatic, 070 
Oxlmlde. 422 
Oxmdole, 760 

Synthesis of, 700 
Oxy-aoeiylene blowpipe, 113 
OxyceUafoee, 601, 002, ^8 
Oxydases, 1^ 

Oxygenases, 135 
Oxyhffimo^obln, 802, 803 
Oxynaroo^e, 760 
Ox^rpenes, 713 
Ozoform, 260 
Ozokerite, 81, 60, 04, 104 
Ozonides, 360 
PaIiH fmlt, 482 
oil, 400 
Palmer, 840 
Palm kernel, 482 
Dll, 407 

Palmitates, 360 
Palmitin, 360 
Panclostite, 304 
Papaver sommierum, 760 
Papaverunine, 760 
Papaverine, 746, 760 
Paper, 002 

Blsnlphlte process, 608 
Boilmg, 004 
Ghlonno process, 010 
Colourmg, 012 
Eleotnc prooess, 010 
Loading, 012 
Mlcrosoomoal testing, 013 
Paraffin^ 002 
Parchment, 002 
Sizing, oil, 013 
Soda process, 607 
Statistics, 614 
Tesl^, 012 
Para-anthraoeoe, 732 
Paracasein, 801 
Paroovaiiogen, 427 
Parafion wax, 04 
Analysis, 105 
Statuses, 106 
Paraffins, 20, 31 
Paraformaldel^e, 248 
Paiaglobnhn, 137 
Paraldehyde, 240 
Paralenoaniline, 721 
Pararosaniline, 721 
Parchment, Artiholal, 600, 002 
Parthenogenesis, Artificial, 138 
Partial pressures, 6 
Pasteur flasks, 147 
Pasteurisation, 186, 210 
Pastinaca sativa, 130 
Pegamoid, 717 
Pellagra, 867 
Penimllium glanonm, 28 
Pentabromotolaene, 617 
PentaohloioaniBole, 648 
Pentacosane, 82 
Pentadeoane, 32 


Fentadeoatetrono, 711 
Fentaerytbntol, 226 
Fentoethvlbenzone, 623 
Fentahyaroxyoyclohoxane, 640 
Pentahydroxypentane, 226 
Pontallne, 122 
PontaTnethyibenzeno, 028 
Pentaraothylene, 017 
Fentamethylenediamlnc, 267 
Pentamethylpararosanilliio, 721 
Pentiuiedione, 110 
Pentanes, 87 
Pontanol, 216 
Pentaphenylethane, 722 
Fentatrioontano, 32 
Pentenes, 110 
Pentitols, 624 
Pentosans, 627 

Estimation of, 0SK8 
PentoBOB, 620 

Estimation of, 626 
Pentosuria, 620 
Peptase, 1^ 

Foptonas, 868 
Perfumes, 703 
Pergamln, 002 
Poroxydases, 136 
Poroxyozonides, 860 
Perseo, 702 
Porylene, 700 
P6Mnage, 296 
Petrolone, 00 
Petroleum, 05 
coke, 78 

CompoaitLon of, 70 
Crude, 70 

BosulphurisiDg of, 60 
Distilttion of 76, 70 
ether, 70, 80 
Extraction of, 73 
Flash point of, 84 
fountains, 73 
History, 06 

Illuminating power of, 84 
Optical Botiviby of, 00 
Origin of, 07 
Pipe lines for, 76 
Proporto of, 70 
Purmoation ot, 78 
Beflning of, 76 
residues, 80 

Speaiflc gravity of, 70, 72 
Statistics of, 81 
tanks, 80 

Tests for lighting, 83 
Transport of, 76 
Uses at, 81 
Viscosity of, 83 
PetroUne, 76 
Pheoophytin, 704 
PharaolrB aerponta, 420 
Phellandrene, 703, 700 
Phenaoebln, 666 
Phenaoyl bromide, 078 
Phenanthraquinone, 786 
Phenantbrene, 030, 736 
Phenazine, 706 
Phenetidines, 606 
Phenetole, 042, 606 
Phenol, 088 

Add derivatives of, 643 
Homologues of, 048 
Pure synthetic, 640 
Testing of, 640 
Phenolphthalein, 686, 784 
Phenol^ 037 
IMhydrio, 044 
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Phonolfl, Moaohydno, 038 
Folyliydno, 040 
Table of, 039 
Tnliydrio, 045 
Phonoxame, 705 
Phenoxldeei 038, 041, 042, 070 
Phenyl diHulnhide, 607 
nydroBulphIde, 600 
B^oylat^ 087 
atyryl kotoae, 000 
suipmde, 007 
Phouylaeotamhde, 001 
PhenylAoetylono, 034 
PhenyLuniaiO, 057 
PhonylonihraoQiio, 733 
Phonylonthranol, 733 
Phonylboazamido, 001 
Phonylbonzofalveno, 700 
Phonylohloraoetamldo, 001 
Phonyldlazoaiuin chloride, 070, 071 
hydrt)xide, 072 
nitrate, 070, 071 
fiiilphato, 071 

Phcuiyldimotliylamiiiopyrassolono, 740 
Phonylonodlainliioa, 040, 055, 002 
Phonylglyoerol, 074 
PhenylglyooeoU, 061 
Pheuylglyoxal, 078 
Pheaymydiasdno, 073 
hydioohlorido, 072 
PlionylhydTOxyantliranol, 738 
PhonylhydxoxylfljninB, 007, 060, 073 
08 Pheuylmouivlliydrazlao, 073 
Fliouyl a naphtliylaiulno, 727 
Phonylnltromotlmno, 053, 000 
Pheuylcwazouea, 624, 073 
PlionylBaoeiiiiuildo, 422 
Phlegm* 108 
Phloba^ienefl, 003 
Phlororin, 800 
Pldorldzln, 800 


Phloroglueinol, 040, 000 
Phorono, 260 
Pliofigeiie, 118, 431 
Phoaphhio, 787 
Phoaphinoa, 242 
PhuBjihoruB, Boteotiun of, 8 
Eathuatlon of, 13 
Pliotogen, 08 

Photographic dovolniwra, 000 
Photomoibr, BuDHon^B, 03 

Luinnior and Brodliuii'u, 03 
Fhthaloliifl, 085, 722, 784 
I’hthoho anliydrido, 084 
Phthi^do, 084 
Phtlialidoino, 733 
PhthalUlliie, 733 
Phthalimide. 085. 701 
Phthalophenone, 084, 722 
Phthalyl oUoride, 084 
Phylloxera, 188 
PhyBost^mlne, 745* 
Phytoohmrin, 704 
PhytoglobuUnB, 801 
Phytol, 704 
Phytorodln, 794 
Phytosterol, 866 
Plazthlol, 700 
Floene, 730 
Flooline, 252, 742 
a PloolylaUdne, 742 
Fioranude, 003 
Picrotoxln, 744 • 

Pleirite, 305 
Figments, 778 
Plmplnella anlaom, 644 
Plnaooline, 217 
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Pioaoones, 217 
Pinane, 700 
Plnono, 700 

hydioulilonde, 707 
Pinitol, 047 
Flak Bolt, 810 
Flrmoglobm, 137 
PlnoB maritlina, 707 
Pipooohne, 743 
Plporarine, 267, 743 
Pllieridme, 110, 741, 743 
PlporldineR, 743 
Piponno, 743, 745 
Pinoronal, 078 
Piperyleno, 110 
Pitch, 00, 080 
Coal, 00 
Mineral, 00 
Qtoaruio, 500 
Plttaoal, 784 
Plannion, 475, 801 
Plafltoring of wluos, 187 
Plastrot^, 063 
Platiulohlondea, 14 
PluBEUoker, 585 
Polarimetors, 28, 570 
Polarimetry, 579 
Polanfiatioii of light, 27 
PolyniumoB, 001 
PoJyazo ooinpoundfi, 770 
Polyglyoerins, 218 
Polyiuorlam, 14 
Polymethyleuoa, 20, 010 
Polymorphlam, 24 
Pol^iltrobeuzonos, 040 
PolyngeB, 523, 580 
Polypeptldea, 858 
PolyBaooharldDB, 523 
Ponoean, 720 

Poppy, Oompofiltlon of, 482 
Populin, 534, 860 
Potatoes, Dry matter In, 588 
Staroh-oontout of, 141, 588 
Povder B, 200 
B]aok,200 

Powders, Brown prismatie, 273 
Olilorate, 804 
Chooolal^, 273 
Mining, 207 
Forohlorate, 304 
Prismatie, 272 
PromotheuH, 304 
Bmokoless, ^5, 208, 300, SOS 
Smokoleas sportlug, 207 
Bpoitmg, 207 
VoriouB, 311 
Frealpltins, 130, 803 
Prehuldioe, 655 
Prehnltone, 023 
Pressed yeast, 149 
Primullne, M7, 787 
Printing of flbj^ ioxtilea, yams, 
Proline, 804 
Piopaldehyde, 251 
Propane, 36 
Propanol, 214 
Pcopanone, 254 
Propontrlol, 217 
Propargyl aldehyde, 262 
Propene, 100 
Pfopenol, 210 
Proplne, 110 
Proplpnamide, 421 
Proplcmyl ohloride, 880 
Propyllodlde, 116 
mnetard oil, 4SO 
Propylaoetylone, 110 
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Propyl benzene, 623, 634 
Propylcarbinol, 214 
Propylene, 109 
a Propylppondlne, 742 
Prop^pseudonitrole, 230 
Protamlniee, 862 
Proteina, 857 

CooffolAblfi, 802 
Confomted, 862 
Hydr^yGOB of, 858 
Modiaed, 862 
Natural, 860 
VarionB, 866 
Proteolytlo action, 134 
Protocateoliulo aldehyde, 077, 078 
ProtooocouB yulgarifl, 226 
Protol, 218 
Protopine, 760 
Protoplaero, 187, 867 
Paeudo amda, 000 
Pseudoouzneno, 028, 034 
PBOudooumldine, 056 
Paendolndozyl, 750 
FeeudoiBatin, 760 
PaeudolfiomQrlam, 18, 804 
Pseudomoiphine, 750 
Pseudo tanning, 098 
PtomoIneB, 267, 868 
Ptyolm, 1^ 

Pulfigonie, 714 

Pulp, Chemical wood, 603, 007 
Meohamnal wood, OOS, 606 
PuT^tol, 701 

Pnimoation by physical methods, 2 


Punno, 436 
Purple, Antique, 788 
PuJ^unn, 733 
Fuipuroxantliin, 738 
Putresdne, 257 
Pyromldone, 740 
Pyrojithienfi, 789 
l^razine, 743 
il^azolo, 789 
PyrazoU^ 739 
Pyrazolone, 739 
Pyrene, 736 
Pyridme, 740, 742 
Pyndones, 742 
I^dylpyrroles, 747 
PyrimuuQB, 743 
Pyiocatechol, 044 
PyroooU, 739 
Pyrooomoue, 748 
I^rocallol, ^ 

Pyrougnlte of iron, 340 
Pyrone, 743 
Pyronlne, 784 
p^nropisalto, 66 
I^TOiyHn, 286, 600 
i^irodlozole, 740 
Pyrrole, 422, 787 

Hydrogenated derivatives of, 739 
Pyrrol]^, 422, 730 
iTTzoUleDd, 109 
lyrroline, 789 
P^vio ^ehyde, 809 
Qttbbeiodqxeol, 047 
Quercetin, 766, 793 
(^eroltol, 646 
Queroitrin, 765, 793 
Quercitron, 798 
Qumaldine, 764 
QuinaUzorin, 733 
Quinhydrpne, 647, 707 
Qumidlne, 746. 762 
Quinine, 744, 746, 761 

bis^hate, 762 


Qumine ethyl carbonate, 752 
hydrocmondo, 752 
Bulnbate, 762 
Qiilnitol, 702 

Qn fni7ATin, 733 

Qumol, 646 
Qmnolino, 763 

Sulpho acids of, 764 
Quinouedlimid^ 0^ 

Qulnonedloxime, 047 
Qulnoneumdee, 048, 786 
Qnlnonemonoxime, 048 
Quinones, 647 
Qmnoicaline, 067, 780 
Haodmiba'cion, 

Biookaiock, 304 

Rodloals and typos, Theory of, 15 
llafflnose, 581, ^ 

Bags, 008 
BaiHing gigs, 840 
HanolStv of fala and oll& 403 
Baposeea, Composition of, 482 
Rasp for beet, 645 
^potatoes, 580 

liaviBon seed. Composition of, 482 
Boaotum, Adamkiewloz'B, 801 
Amphoteno, 474 
Boeyor’s, 107 
Baudouin’s, 472 
Beoohl’a, 402 
Belliez's, 402 
Biuret, 868 

Blank and PliikonbelnQi’s, 247 

D^es’, 413 

Ponnoli^ 71 

GmteVs, 408 

Qngnorid'B, 33, 243 

Ha^hen's, 470, 401 

Kamarov^y’s, 172 

EOmer and M^ozzI’h, 375, 423 

Lleben’s, 121, 120, 131 

liebermann*B, 638, 060 

Liebermann-^roh Morawsky, 408 

Melsen's, 380 

Perkln’B, 862, 670 

Biohe !^ph^ 88 « 

Bimim'B, 181, 172 

Eomljn's, 624 

Sabatier and SendcrenB', 36, 07, 124 

Sandmeyer'a, 070 

Sohiffs, 24A 

Schmidt, 784 

Souddor and 120 

T ainbmftTi n *ii. 802 

Tortelll and Buggorl’s, 402 


Tsohugajew’B, 80 
Ufiebnan% 886 
TThlenhutii’B, 863 
Vorrentrapp’fl, 860 
Wallaoh’B, 367 
Xanthoprot^, 668 
Beactions, i^veimble, 186 * 
enzymic, 186 
Beog^t, Batfoed’a, 682 
Drudges', 418 
Birdmazm's, 744 
Pshling^B, ^2 


PrOhd^B, 744 
Lafou'a, 744 
LOwb'b. 828 


MandeHn’s, 744 
Maiquls’B, 744 
MUlon's, 828, 868 
MbliBoh^B, 828 
Sohudlngeir'B, 134 
SohiS’B,T72 
Schwefteor's, 600, 886 
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ilongonti iSukliiinl'rt, 583 
L'wltolu'irn, 508 
JtcDiiHoatiuii, 3, 158 

of uluuhnj, 158 Itf 

ll<mtL(lor, Hoiniielp 3 
Toirlor, lUU 
HiivnJIo, 150 
iiud, Algol. 7an 
AliKnnn, 783 
Aiitliraaonop 720 
Cilia, 788 
(’ujigo, 781 
DiainJiLu, 802 
JndanthroriL, 781) 

IiuioH. 802 

p Nitniiiiliiin. 503, 782, 804i 
X'L*TltUUl01lfc. 50.1 
Vyrifilu, 718 
Quinolliio, 787 
TJiiii/iiio, H02 
Tliiohidign, 788 
Turkov, 301, 8*43 
Wiii-Htor’H, 708 
1 14 

Jlofmv tloiL (HniNtanti 27 
Kofi ao tom otor, 8.1 
ZoiiM, 155 

llofiigcmtor for woit, 204 
UontaniiorH, 144 
llonuot, VU, 138, 474 
llCHOllA, 405 

lioHliw, Artiflouil, 041, 707 
llemb, 042 
lliwortuuol, 044 
llLwinillii, 700, 785 
UoU'iio, 7.10 
Khiiniiuwp, 520 
llbigoliMio, 17 

llln^^ijHiruH oJigoHpuiuri, 155 
JiliodannupA, 005, 7S4 
Khodlnol, 358 
XUbows 520 
JtloiS 101, 505 

Cumpiiultiou Ilf, 580 
Htaruh, 505 
lUolii, 1.18 

ItiouiuH hmmIh, (JonipoHibloa of, 182 
Itiokotn, 807 
llolilii, 1 18 

Kohiiiljv ^iHoiiclaiiaula, 138 
]U)burlU». 100, 107 
llo<uolla tlnitiuia, 702 
Itm'CiIliuo, 780 
iXooliollo Halt, 401 
liudiniil, 000 
ilu|io, 812 
lloHamliLP, 783 
UiiMudlUiP, 72J.706, 708 
liu^itlireiio, 802 
lloHO, DJamlno, 802 
JtoHin, 707 

(4alli])«)t, 707 
Ituhbei, 708 

ArtiHulal, 711 
Methyl, 711, 712 
Hlllutltutos, 711 
ayjithetlo, 109, 111,711, 712 
llufontliretifi, 700 
liufloplu, 733 
Kufol, 733 
Hum, 190, 543 
Hnsma, 094 

SAOCHABOCffTHItA, 25, 579 
BocoharlD, 

Saooharomfflv, Balling, 153 
Bilx, W), 577 

Baoohaiom^efl oorevUlo), 134, 137, 145 
SaooliaTomyoatea, 183 


Sauohoronop 410 
iSaooiiarofio, 538 

.Saccharuiu offluiuiuinii, 530, 540 
■SniraniUPfl, 785 
iSttfrolo, 078 
yaJiuiii, 5,14, 077, 080 
MiilioyJaldohvdo, 077 
biUigemn, 041, 077, 080 
Sallu, 181 
^>aliL'Dtlll, 041 
fSalium, 802 
Halcil, 087 
iSivlt, Anlliiio, 050 
Kfvllo H, 701 
(if tioii'el, 308 
ItdDlicllu, 401 
halv ai'Biiu, 000 
Huiimtogoii, 375 
Sandal wund, 703 
SangnuuioliuiBa, 100 
SaiiHu, 401 
iSaiitaliii, 701 
bantalino, 750 
iSantuiuii, KUO 
SapoDlfloabidJi, 234 
Sa^ioniii, riK, 805 
SaruoBinu, 385, 12.3, 435 
Sawdust, Utilifsatioii of, 131 
Seal lot, ilJubriuk'B, 008, 781 
(Jiba, 788 

('(Kiliiiieal, 720, 780 
Jiuhinthroiio, 780 
Palvtiim, 780 
Tlildiiidigd, 788 
SolKAclisatlnn, 220 
Suhifltri, lliliimluniiM, 100 
Soliizumyootort, 113 
SuliUuHauuhaiiiiuyucH Bumbu, 204 
Suliuaniu, 100 
Sohuoicforltci, 304 
Suhioiiiur Jtuitili, 850 
SunihborH, 48 
Suiuvy, 807 
Soolmg-wax, 707 

bubHtliiituH for, 041 
Huoiintp, 307 

SchkIb, (iiniixwiblon uf oily, 482 
Sniniuirlia/ulo, 244), 4113 
iScunioarbawniQfl, 240, 433 
St3Xiamt<»rH. CJoiitrlfugal, 475, 180 
Najihtlmloiiu, 40 
Hpray, 501 
'roi, 4{) 

Soiluhi, 815. 805 
Staiddiii, 805 
SdCiua, Ali[)hatiu, 20 
Kbh^hMie, 100 
Kfttty, 20 
linnioIugouH, 24 
ItUllogOUH, 24 
PiunvOln, .11 
Suiliie. 424 

Seri) therapy, 138, 745 

Seiiuii, VhyHiuloglottl, 131) 

Sniiiin-albiiiTibi, 137, 850 

Summ-globnlln, 801 

Sol inn JtiiaHe, 402 

SeflaniA aeodn, Oompoaitlon of, 482 

Bosamin, 500 

Sosamnl, 503 

Shale, 100 

Shalonka, 75 

Shltnoae, 303 

Shoddy, 80.3 

SlUc, B13 

ArtlRoia], 821 
Composition of ^ 816 
Craokle (Scroop) <4, 815 
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Bilk, Dyeing of, 815, 830 
Sea. 820 

Statiaticfi of, 618 
artiflcial, 627 
Stripping, 814 
Tob^, 814, 616 
WBSto, 814, 820 
Weaghtmg of, 810, 817 
Wild, 818 
Silk finish, 850 
Siliaromi culture, 81 1 
Sinapine, 760 
Sim^, 602. 800 
Siponte, 304 
Sitosterol, 600 
Skatole, 750 

Smokeless powders, 206, 208, 302, 303 
Soap, 360, 358, 613 
Alkaline, 702 
Analysis of, 622 
Anti^ptio, 78 
bamng maolime, 621 
bollmg, 617 
Esohweg, 620 
Flg^m^ 621 
ITmishlng of, 616 
MarseiUes, 517 
Mottled, 610 
Oleine, 617 
Besln, 618 
Seasoning of, 622 
Soft, 620 
Transparent, 620 
SodiooeliiuosQ, 823 
Sodium acetonoblsulphite, 201 
ethoxide, 131, 214 


Boja beans, 602 
Bolanine, 136, 745 
Solenite, 302 

Bolvent^Nonm^ramable, 122^ 
Somatose, 476 
Sorbitol, 220, 631 
Sorbose baotenuni, 220 
Sorghum, 640 
Sorrel, Salt of, 308 
Spaniohtnmi, 702 
[^lartolne, 760 
Specific gravity, 26 
refraction, 27 
rotation, 28 
Spent wash, 167, 182 
Spemiaoeti, 478 
Sihcsrobaotena, 133 
l^iiffia nlmarla, 077 
^Inlla, ISS 
Spirit, Crude wood, 128 
Denatured, 173, 170 
of Bwoot wine, 117 
of Adne, 130 
Punfloation of, 172 
Wood, 128 

l^intuB mthorle nltrosi, 117 
Spirobaoteria, 183 
Sptzonzuoker, 086 
^ongin, 806 
Sporw, 132 
S^lwoso, 226 
Stfludard serubher, 48 


Standdl, 406 
Staphylooooous, 133, 161 
Sfuoh, 133, 686 

Adhesive power of, 600 
Animal, 608 
Bleaching of, 602 
Estimation of, 141 
Green, 692 
gum, 607 
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Starch, Mal7Ai, 600 
Manufacture, 688 
Mlorosoopy of, 687 
potato, 6^ 

Rice, 506 

Sacohanfication uf, 14.t 
Soluble, 690 
■Wheat, 603 

Btoam, Superheated, 4, 77 
Stearuie, 360, 606 
Distiilsd, 6(K( 
lutoh, 607 
Wool, 480 
Steorolactone, 007 
Stenol\4os, 721 

StoreoiBOinerldes, Seimratiou of, 2*1 
SteceoiBomonsm, 10 
of nitrogen, 22, 263 
SUhlnes, 242 
Stllheue, 722 
^Ihngia sobifora, 400 
Stovaine, 740, 761 
Streptococci, 133 
Stnng, 812 
Sttyohnme, 746, 761 
Sturm, 802 
Styrooin, 074 
Styrene, 034 
Suberane, (177 
Suberin, 608, 016 
Subeiouo, 617 
Sublimation, 2 
Bubstitution, Theory of, 16 
Suooinanudo, 421 
Snooinanil, 422 
Snoomatos, 300, 371 
Suoamdialdehydo, 730 
Snofrinidlaldoxinie, 738 
Suooinlinido, 300, 421, 422, 430 
SuoroBe, 134 638 
Snorates, 630 
SUQTOl, 000 
Sucrose, 688 
Sugar, Acorn, 040 
Beet, 630, 646 
Cone, 638, 640 
Fruit, 63i 
, Graiie, 631 

Invert, 631, 638, 681 
Maple, 640 
Milk, 530 
Muscle, 047 
of lead, 340 
Starch, 681 
Wood, 629 

Sugar (sucrose), Alkalliuty, 684 
Ash, 684 


Beet-pulp, 661 
boiling, 604 

Centrilvu^tion of mosaeouite, 600 

OheinloBl determination, 677, 681 

Clearing (covering), 600, 600 

oolounng, 638 

Concentration, 660 

Crushed, 570 

Befeoatloii, 666 

Diffusion process, 648 

Estimation, 677 

Fiscal regulationB, 674, 576 

from molasses 600 
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Thioaonea, 786 
Tliloaoptamlde, 238, 426 


L 



806 I 

XlllOOCldlSi 4;1U 

Xhioalooholfi, 23J 
Thiooldoliydea, 24(] 

ThiOfvmid^ 42/), 7U2 
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Tmpiiioiic, 749 
TmiHHi, 470, 801 
TruxiUine, 750 
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Tumolnia, 10(3 
Turkov i-cd, 301 
all, JPO 
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Tyndall phenomotu)!!, 01) 

Types, Multiple,- 10 
Theory of, 16 
TyroidnaBe, 138 
UMBaLuyaRONH, 08 ) 

Undeenno, 32 
UraniU, 437 
Uranlne, 784 
Urea, 1, 431, 432 

Alkyl-dOTivatlvea of, 432 
nitrate, 482 

Nltro-flerlvativo uf, 432 
Uroase, 136 
Ur^des, 433, 485 
Urethane, 432 
Uroaoids, 436 
Urotri^lno, 187, 248 
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Partial, 620 

Tension theory of, 107, 360, 017 
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Cold, 406 

liithograiilLorH', 405 
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Golatlnls^ 03 
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inveraiuu, 538 
Voratriuo, 745, 760 
Voratrolo, 044 
Vortllgrlfl, 347, 348 
Vonnoiith, 100 
Veronal, 110, 740 
Voauvino, 780 
VlKorlto, 307 
VinaAHo, J58, 188, 404 
Vlnogoi, 340 
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AnalysiB of, 344 
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MIqIuvoHh prooosfi, 342 
mlto, 341 
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Lauth^B, 002. 785 
Methyl, 721, 773, 784 
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VlHOnac, 822 
Vit-al force, 1 
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VitolUn, 801 
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WaGOOK STHiIi, 70 
Waterproof fabnoa, 340 
Wax, Aigm, 08 

Caimuba, 360, 406 

Chinese, 210, 861 

Japanese vegetable, 360, 466 

Muierol, 04 

Montan, 96 

Paraffin, M 

Sealing. 707 

Substitutes for, 041 
Waxes, 465 

HydiolyslB of, 467 
Welnsteinpreparai 880 
We8t^haJlto,806,807 
Wetterdboamlt, 284, 807 
Wheat, 103 

Composition of, 606 
Wheat flour, 694 
stoToh, 608 
Whey, 476 
Wine, 184 

Alcohol free, 186, 186 
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Distillation of, 330 
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Prraorvation of, 020 
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Itod, 701 
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Wood pulp, Ohoniloal, 003, 007 
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Wood spirit, 127, 128 
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Wool, 804 

Bloaohing of, 837 
Carhonfsatmu of, 806, 830 
Carded, 804 

Ohmnical pixiportlos of, 600 
Oomblng, W4 
Dyeion of, 830, 841 
from dilferent sheep, 804 
Xakthikb, 430, 441 
Xanthogonamido, 434 
Xaiithouc, 720 
XuL'oform, 122 
XorupUtlmJmla, 807 
Xylans, 627 
Xylones, 023, 033 
Xyliduioa, 002 
XyUtol, 226, 626, 628 
Xyloldiu, 280 
!?^loqninouo, 048 
Xylose, 627, 620 
Yaiui, Count of, 800 
Yeast, 134, 137, 140, 146, 140, 204 
Acolimatis^, 161 
Prohberg, 204 
industry, 140 
Logos, 204 
Piess^ 149 
Pure, 147 
Baoz, 204 
Wnd, 204 
YoUow, Aoid. 770 
Acridine, 787 
Alcohol, 008 

Alizarin, 003, 000, 720, 787, 700 

Anthiaootie, 787 

Carbozole, 700 

Chrome, 065 

aba, 780 
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Diamine, 801 

Diamond, 707 

Post, 008, 770 
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Indian, 770, 788, 703 

Indigo, 780 

Metonil, 790 

Milling, 709 
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Sulphur oxtra, 801 
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